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OBSERVING  THE  HEAVENS 


An  Ancient  Astronomer 


The  hot  sun  beat  down  on  Kahlil  the 
shepherd  as  he  led  his  flock  along  the 
edge  of  the  greenland.  It  was  late  in  the 
afternoon  now  but  the  hot  puffs  of  breeze 
continued  to  rustle  through  the  green  blades 
of  barley  to  his  left.  He  would  need  to 
press  his  flock  hard,  for  the  pasture  was 
becoming  scarcer.  The  last  rain  had 
fallen  over  two  weeks  ago  sind  the  land 
away  from  the  river  was  already  becoming 
harshly  dry.  Kahlil  gazed  with  a twinge 
of  longing  toward  the  cool  dark  Euphrates 
flowing  slowly  and  calmly  southward. 

Between  his  flock  and  the  river,  rich 
red-brown  freshly  ploughed  earth  alternated  with  green  waving  blades 
of  barley  and  wheat.  The  power  of  Enki  lay  within  those  depths  of 
cool  fertility.  Would  Enki’s  power  devastate  the  rich  green  valley 
again  this  year?  Would  his  rushing  waters  cover  the  land? 


Just  last  evening  as  the  land  darkened 
following  sunset,  he  had  seen  Aldebaran, 
the  red  eye  of  the  bull,  twinkling  low  in 
the  western  sky.  The  time  for  the  river's 
fullness  was  near.  But  now  his  thoughts 
and  his  feet  had  to  turn  away  from  the 
river.  He  and  his  flock  began  the  gentle 
climb  from  the  greenland  to  the  pastures 
above  the  shallow  river  valley.  When 
they  reached  the  top  Kahlil  looked  back 
for  a moment  over  the  lush  valley. 

The  city  of  Babylon  lay  basking  in  the 
distant  haze.  The  great  holy  hill  of  the 
moon -god  Sin  rose  as  a huge  mound 
through  the  haze.  Life  was  now 
improving  thought  Kahlil,  since  King 
Hammurabi  was  assigned  by  the  great 
and  wonderful  Marduk  to  rule  the  city. 

The  king  was  just  and  humble  and  a 
great  man. 


y^/debarai^  - ihe  14^^  bn^Utast 

star  ihe  si^.  Xt  appears 
/ouJ  uuest  3-P‘te^r' 

Suw.sfet  late  in  M3^ 


HsMKnurshl  U)3skitn^  o-f-  iiie -first 
lohiah  Empire  abou^  I^OO 
He  'Torma/a^tec/  a.  -famous 

suciert  Coda  o-P 

A^«9rciul<  uias  chie-P  oP 
tbc,  Baioy/ohi  pa rifieo r»  (coaK»ci  I 

ofgodsj.  <9ri^ivnallj  he uasa 

Successfu.}  uarrior  qod.  Xttoas 
thought  that  the  King  Loa^ 
l^arduks  orv  earth. 
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The  bleating  of  the  lambs  brought 
his  wandering  thoughts  back  to  the  job 
which  lay  before  him.  The  upland 
stretched  before  him,  strewn  with  roeks, 
and  dry  and  parched  by  the  hot  sun. 
Every  few  metres  there  were  tufts  of 
grass  struggling  courageously  among  the 
rocks,  defying  the  harshness  of  the 
desert  environment.  The  dry  land 
extended  before  him  to  the  east  as  far 
as  the  eye  could  see.  Somewhere 
beyond  lay  the  mighty  Tigris  River, 
but  that  was  farther  than  Kahlil  had 
ever  been.  Someday,  he  thought,  he 
would  see  the  Tigris. 

The  sun  was  nearing  the  horizon 
now.  Just  a few  more  kilometres  and 
he  and  the  flock  would  stop  for  the  night, 
Kahlil  grasped  his  staff  and  pressed  on. 
The  shadows  were  lengthening. 

Just  as  the  sun  was  setting,  Kahlil 
stopped  his  flock.  They  were  happy  to 
begin  grazing  on  the  tufted  grass. 

Kahlil  was  hungry.  With  some  enthusi- 
asm he  untied  the  cloth  which  held  his 
lunch  and  pulled  the  plug  from  the 
wineskin.  The  bowl -shaped  sky  began 
to  darken  as  the  last  rays  spread  out 
above  the  horizon.  And  there,  surely 
enough,  was  the  bright  red  Aldebaran. 
And  not  far  away  Ishtar  glowed  and 
sparkled  in  the  faintly  lit  western  sky. 

A cooler  breeze  began  to  blow  now  — a 
welcome  relief  from  the  heat  of  the  day. 
For  the  period  of  a half  hour  his  flock 
grazed.  Then  gradually,  one  by  one, 
they  lay  down,  content  but  tired  from 
the  long,  hot  day. 
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Kahlil  was  tired  also  and  using  his  knapsack  as  a pillow  he  lay 
down.  By  now  the  sky  was  growing  darker  and  the  brighter  stars 
began  to  appear  in  the  bowl  of  the  heavens.  In  the  west  were  the 
bright  twin  stars.  Following  close  behind  in  the  east  was  Leo  the  Lion 
with  his  huge  head  and  body  and  his  extended  paws . Straight  south  was 
Arcturus  in  the  Herdsman  and  the  bright  star  of  the  Virgin.  To  the 
east  the  Lyre  had  appeared  and  the  Swan  was  just  beginning  to  fly  up 
from  the  horizon. 


Deneb 


^Vega 


1^.  Twins 


East 


I / 


-^Arcturus 


-^Regulus 


West 


“(^Spica 


Gradually  the  sky  began  to  fade  and  Kahlil  was  standing  in  a huge 
dome -shaped  temple.  At  one  end  stood  a huge  figure  of  the  great  god 
Marduk.  On  the  other  side  of  the  dome  was  a huge  mound  with  steps 
leading  to  the  top.  A long  succession  of  figures  dressed  in  priestly 
robes  were  slowly  ascending  the  stairway  to  offer  sacrifices  to  the  moon- 
god  Sin.  Suddenly  standing  there  beside  him  was  Ninhursa,  her  robe 
flowing  downward  and  trailing  behind  her  and  her  hair  fragrant  with 
spring  flowers.  Kahlil’s  heart  leaped  for  joy. 

"Ninhursa,  why  are  you  here?" 

"l  dreamed  of  you  last  night  Kahlil  and  I wanted  to  see  you  again.  " 
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Kahlil  took  her  hand  and  slowly  they  walked  toward  the  great  image 
of  Marduk.  Suddenly  Kahlil  heard  a rustle  and  the  bleating  of  sheep. 

He  sat  up  with  a start  rubbing  his  eyes.  A wolf  was  standing  over  a 
lamb.  Quickly  Kahlil  grasped  his  staff  and  rushed  toward  the  animal, 
driving  it  away.  I must  get  a dog,  he  thought,  to  warn  of  the  approach 
of  these  ravenous  beasts. 

He  looked  at  the  stars  again.  By  now  Aquila  the  Eagle  had  risen 
above  the  horizon.  He  must  have  been  sleeping  for  several  hours. 

He  would  need  to  check  over  his  flock  to  see  that  no  more  had  been 
harmed.  Only  then  could  he  again  relax,  enjoy  the  starry  scene  spread 
before  him  and  turn  his  thoughts  to  his  beloved. 


, Deneb 


I 


CYGWUS 


-Jj^-Vega 


Altair 
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AQUILA 
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You  have  just  been  observing  an  early 
and  very  amateur  star  gazer.  Kahlil’s 
experience,  however,  illustrates  how 
ancient  man  viewed  the  sky  — with  a mix- 
ture of  observational  accuracy  and  mytho-  T’h^  ^ ^ih<iepiece 

logical  reverence.  The  sky  was  both  a 
timepiece  and  a temple.  It  appeared  to  <3. 

have  a certain  shape  and  its  objects  were 
filled  with  personality  as  they  moved  about 
from  day  to  day  and  season  to  season. 

Part  of  our  task  in  this  lesson  will  be  to 
learn  a bit  about  the  shapes  in  the  sky 
and  even  something  about  the  personalities 
that  the  ancients  put  there. 


Thus  much  of  this  lesson  will  deal 
with  knowledge  that  has  been  around  for 
thousands  of  years.  In  fact  the  ancient 
peoples  of  Mesopotamia  and  Egypt  were 
probably  much  more  familiar  with  the  sky 
than  we  in  the  20th  century  are,  simply 
because  they  were  exposed  to  it  more. 
Electricity  and  atmospheric  pollution  have 
helped  to  obscure  much  of  the  sky  to 
modern  urban  dwellers.  The  invention 
of  clocks  and  watches  has  made  it 
unnecessary  for  the  common  man  to  tell 
time  by  the  stars  or  the  sun.  Thus 
though  we  may  know  more  about  the 
mechanics  of  the  universe  and  how  it 
operates,  the  ancients  were  probably 
much  better  acquainted  with  the  night  sky 
itself.  This  lesson, we  hope, will  help  to 
increase  our  knowledge  and  recall  some 
of  the  things  that  man  has  known  about 
the  sky  for  a long  time. 


peoples  mor^ 
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The  Appearance  of  the  Sky 

Suppose  that  you  had  never  seen  the 
sky  before,  that  you  had  grown  up  under- 
ground, What  would  you  see  the  first 
time  that  you  were  brought  above  ground 
and  exposed  to  the  night  sky?  No  doubt 
you  would  see  what  the  ancient  peoples 
saw.  If  you  stood  on  a level  plain  the 
earth  would  appear  to  stretch  before  you 
as  a level  surface,  appearing  to  form  a 
circle  where  the  horizon  meets  the  sky 
in  the  distance.  If  the  atmosphere  is 
clear  the  sky  would  look  something  like 
the  inside  of  a huge  inverted  bowl,  pale 
blue  with  occasional  clouds  during  the  day 
except  near  the  brilliauit  disc  of  the  sun, 
and  very  dark,  almost  black,  at  night 
with  thousands  of  lights  dotting  its  surface. 
If  it  were  daylight  you  would  notice  if  you 
observed  several  hours  that  the  sun  had 
moved  and  gradually  was  approaching  the 
horizon.  Eventually  it  would  slip  below 
the  horizon  and  after  about  half  an  hour 
tiny  pinpoints  of  light  would  appear. 

These  points,  too,  would  move  gradually 
across  the  sky,  each  appearing  to  describe 
a circle  as  time  passes.  Some  of  the 
points  of  light  would  describe  small 
circles.  Others  would  seem  to  come  up 
from  one  horizon,  describe  a semi-circle 
across  the  bowl  and  disappear  behind  the 
other  horizon. 


I 


The  Sky  as  a Dome 


0 


If  you  were  willing  to  travel  and  you 
moved  for  a long  period  of  time  toward 
the  stars  which  move  in  complete  small 
circles  you  would  come  to  a land  of 
perpetual  ice  and  snow.  The  stars  would 
all  appear  to  describe  complete  circles. 

Where  would  you  be?  
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If  now  you  travelled  in  the  opposite 
I direction  until  you  came  to  a land  of 

warm,  humid  temperatures  with  dense 
growth  of  all  kinds  of  trees  and  plants 
you  would  find  that  aJl  of  the  stars  describe 
semi -circles  and  all  of  the  stars  rise  and 
set.  Where  would  you  be? 


As  you  continued  to  observe  the  sky 
you  would  find  that  one  of  the  stars  seems 
to  move  hardly  at  all  from  hour  to  hour. 
Yet  as  you  go  from  the  middle  of  the  cold 
land  to  the  middle  of  the  warm  land  you 
find  that  this  star  moves  from  straight 
above  you  right  down  to  the  horizon. 

This  star  is  most  often  identified  as  the 
north  star  or  Polaris. 

To  think  about:  How  can  you  explain  the 

change  in  position  of  the  north  star  as  you 
go  from  the  cold  land  to  the  warm  land? 

In  this  and  the  next  lesson  we  want 
to  think  about  ways  to  explain  the  motions 
of  the  stars  and  sun.  This  was  one  of 
the  most  vexing  problems  for  ancient 
philosophers . 


star  A 


flouj  cam  uje.  explain  -the 
n^ovehney>ts 


Continued  Observation  of  the  Sky 


If  you  continued  to  observe  the  sky  it 
would  not  be  long  until  you  discovered  that 
there  were  four  kinds  of  objects  there. 

The  brightest  and  most  important,  of 
course,  is  the  sun.  The  next  brightest, 
the  moon,  appears  to  be  about  the  same 
size  as  the  sun  and  much  less  bright  but 
brighter  than  the  stars. 


-S  U.H 
Moon 
S±a  rj 
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It  would  take  a little  longer  to  discover 
that  there  are  different  kinds  of  stars.  ^ 

Most  of  them  remain  in  fixed  positions  in  /.  /^/xed  ™ 

relation  to  each  other.  But  there  are  a 

few,  usually  much  brighter  than  the  others,  g War\de,r&rs 

which  appear  to  move  among  the  rest  of 
the  stars  over  a period  of  days  and  months. 

The  Greeks  called  them  planets  (from 
planetein  ”to  wander”).  The  star  Ishtar 
which  Kahlil  saw  in  the  story  was  the 
wanderer  Venus. 


The  Motions  of  the  Moon  and  Sun 


The  most  obvious  motion  is  that  of  the 
sun  during  the  day  as  it  moves  from  rising 
in  the  east  across  the  sky  to  setting  in  the 
west.  Some  of  the  stars  follow  the  same 
pattern  as  we  have  seen  earlier,  while 
others  appear  to  move  in  circles  without 
rising  or  setting.  The  whole  heavenly 
sphere  appears  to  make  one  turn  daily. 


Tfie  moon  and  some, 

stars  rise  a»^d  se^~t~ 
cla'i  [y 


CRESCENT 


There  is  something  unusual  about  the 
moon,  however.  The  moon  often  appears 
in  the  sky  after  the  sun  has  set.  Each 
night  it  moves  farther  and  farther  to  the 
east.  Sometimes  it  occults  (hides)  a 
star.  It  rises  later  and  later  each  night 
until  it  rises  just  before  the  sun.  Then 
it  disappears  for  a while  but  soon 
reappears  in  the  western  sky  just  after 
sunset.  Not  only  does  it  move  about  in 
this  interesting  way,  it  also  changes  shape 
from  a thin  crescent  to  a full  circle  back 
to  a crescent  again.  It  takes  the  moon 
29*2  days  to  go  through  this  complete 
cycle,  a period  which  we  call  a month 
(moonth) . 


QUARTER 


GIBBOUS 


FULL 


GIBBOUS 


QUARTER 


CRESCENT 


Phases  of  the  Moon 
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The  sun  also  has  some  strange  move- 
ments. It  rises  and  sets  every  day,  but 
it  also  moves  through  the  heavens 
against  the  background  of  the  stars.  This 
is  most  easily  observed  before  sunrise. 
Different  stars  rise  before  the  sun  as  the 
days  pass.  For  example,  the  bright  star, 
Sirius,  rises  just  before  the  sun  in  July. 

It  continues  to  rise  earlier  and  earlier 
(or  looking  at  it  another  way,  the  sun 
rises  later  and  later).  Thus  the  sun 
appears  to  move  always  eastward  among 
the  stars  until  it  comes  back  to  its 
starting  point  to  repeat  the  same  cycle. 
This  cycle  we  call  the  year. 


Sirius  - ir/ic-  brightest 
star'  ih  hlnc  , 


As  the  sun  moves  eastward  among 
the  stars  it  also  appears  to  move  up  and 
down  (or  north  and  south).  In  June 

it  is  high  in  the  sky  at  noon  and  in 
December  it  is  very  low.  If  we  trace 
the  sun’s  path  on  a flat  star  map  it  would 
look  like  this : 


TKe  SUinS  3l£i^Ucie. 
O^ian0e^  as  £lqe_year 
advamce^ . 


SEPT  JUNE  MARCH  DECEMBER  SEPT 


This  movement  up  and  down  throughout  the  year  is  responsible 
for  the  seasons. 
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The  two  periods  of  time  produced  by  the  movements  of  the  moon 
and  the  sun  (the  month  and  the  year)  presented  a severe  problem  to 
ancient  civilizations.  Their  only  method  for  telling  time  was  the 
motion  of  heavenly  bodies.  The  problem  was  the  relationship  between 
the  month  and  the  year. 


Pro  blems 

1.  It  takes  the  moon  29-2  days  to  make  a complete  trip  through  the 

stars.  This  is  one  month.  In  one  year  the  ancient  people  noticed 
that  the  moon  made  12  such  trips.  How  many  days  are  there  in 
12  months  of  2 9-2  days? 


2.  How  many  days  are  there  actually  in  a year? 


3.  What  problem  does  this  create?  (Hint:  Think  about  the  seasons. 

What  happens  to  the  calendar?) 


This  was  a difficult  problem  for  the  ancients.  The  changes  in  the 
moon’s  motion  were  much  more  obvious  than  the  changes  in  the  sun’s 
motion.  The  moon  was  therefore  used  to  keep  account  of  time.  The 
month  began  with  the  first  appearance  of  the  moon’s  thin  crescent  after 
sunset.  The  astronomers  of  Mesopotamia,  using  the  month  as  the 
standard  time  period,  tried  several  solutions  to  the  problem. 


4 .  Solution  1 

(a)  How  many  days  are  in  a 12  "moonth'*  year  (#1  from  the 
above  problems)? 
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(b)  How  many  days  is  this  short  of  an  actual  year? 


(c)  How  many  years  would  this  take  to  add  up  to  about  one  month? 


(d)  Thus  every  _____  years  the  astronomers  could  add  one  extra 
month  to  the  calendar. 

(e)  There  is  still  an  inaccuracy,  however.  How  many  months  would 
there  be  in  this  three  year  period? 

months  + _____  months  + months  = months 

If  each  month  has  29-2  days  how  many  days  are  there  in  this 
period? 

months  x = days 

month  ^ 

How  many  days  are  there  actually  in  a three  year  period  of 
365-4  days  per  year? 


How  many  days  of  difference  are  there  between  this  three  year 
calendar  and  an  actual  three  year  period  of  365-4  days  per  year? 
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5 . Solution  2 

This  solution  uses  an  eight  year  period  with  3 years  of  13 
months , 


Year 

1 

12 

months 

Year 

2 

13 

months 

Year 

3 

12 

months 

Year 

4 

12 

months 

Year 

5 

13 

months 

Year 

6 

12 

months 

Year 

7 

13 

months 

Year 

8 

12 

months 

(a)  How  many  days  are  there  in  this  period?  (Note  — we  know 
now  that  over  a long  period  of  time  the  "moonth"  averages 
out  to  29.53  days). 


(b)  How  many  days  are  there  actually  in  an  eight  year  period? 


(c)  How  many  days  error  is  this  ? 


6 . Solution  3 

A more  accurate  solution  is  to  use  a 19  year  period  with  seven 
years  having  13  months  and  12  years  having  12  months. 

(a)  How  many  months  are  in  this  period? 
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(b)  How  many  days  is  this  period?  (Use  1 month  = 29.5306  days.) 


(c)  How  many  days  are  there  actually  in  a 19  year  period?  (Use 
1 year  - 365.2422  days.) 


(d)  What  is  the  error  in  days  for  this  calendar? 


(e)  How  many  days  does  this  amount  to  in  100  years? 


In  1000  years? 


You  can  see  that  if  you  stick  with  it  long  enough  you  can  find  a 
reasonably  accurate  solution  to  a difficult  problem.  Solution  3 above 
became  the  basis  of  the  Jewish  calendar. 
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More  Solutions  to  the  Problem  of  the 
Time  Periods  of  the  Sun  and  Moon 


The  Egyptians  solved  the  problem  a 
bit  more  simply  by  having  12  months  of 
30  days  each  with  5 days  bonus  at  the 
end  of  the  year.  This  calendar  was 
actually  based  on  the  sun's  yearly  move- 
ment rather  than  on  the  month.  The 
extra  one  quarter  day  in  a year,  however, 
adds  up  to  one  month  in  120  years. 

soluiioh 

basec/  o\n  blie  ^uui^s. 

Our  present  calendar  began  with 
Julius  Caesar  in  46  B.C.  In  his  day  the 
calendar  had  become  so  bad  that  the  first 
day  of  spring  was  in  June  instead  of 
March.  Caesar  added  eleven  days  and 
changed  the  seventh  month  to  July  (named 
after  guess  who?)  and  August  became  the 
eighth  month.  Two  days  were  taken  from 
February  and  added  to  July  and  August. 

Up  to  that  point  March  had  been  considered 
the  first  month  of  the  year,  September 
was  the  seventh,  October  the  eighth,  etc. 
Caesar  also  added  one  day  every  four 
years  to  February. 

The  calei^dar 

Even  this  calendar,  however,  had 
sizable  errors.  In  1582  the  first  day  of 
spring  was  March  11.  Pope  Gregory  XIII 
authorized  the  omission  of  10  days  from 
the  calendar  in  October  of  1582.  In 
addition  only  the  century  years  that  were 
divisible  by  400  were  to  be  leap  years. 
Ordinarily  all  century  years  would  be 
leap  years  because  they  are  divisible  by 
four. 

T/?e  G^ejor-'(sn  calcmAa 
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Thus  1900  was  not  a leap  year  but  2000 
will  be  a leap  year.  This  is  necessary 
because  the  year  is  365.2422  days,  not 
365.25  days.  This  difference  seems  small 
but  it  added  up  to  12  days  between  Julius 
Caesar  (46  B.C.)  and  Pope  Gregory 
(1585  A.D.).  This  is  the  calendar  that 
most  of  the  Western  World  uses  and  it  is 
called  the  Gregorian  calendar.  Its  error 
is  one  day  in  about  3000  years. 


/AcCLxraoj/  of" 
Gjr~^^ori o^le^uidair 


Thus  it  took  about  f 15  85  A.D.-  — 

(-3000  A.D.)J  4500  years  to  develop  a 3 0 C?  O B.C.— 

calendar  that  would  be  reasonably 
accurate.  Even  then  it  is  a solar 
calendar,  that  is,  its  months  do  not 
correspond  precisely  with  the  moon's 
motion. 


The  Motions  of  the  Wanderers 


We  have  noted  before  that  there  are 
several  of  the  brighter  "stars”  that  appear 
to  move  against  the  background  of  the 
"fixed”  stars.  The  people  of  the  ancient 
world  were  acquainted  with  five  of  these. 
They  were  called  Mercury,  Venus,  Mars, 
Jupiter  and  Saturn  after  Roman  gods. 
These  wanderers  moved  through  the  sky 
at  varying  speeds.  Mercury  taking  six 
years  to  return  to  a given  position 
amongst  the  stars  and  Jupiter  83  years. 


The.  "pive  plsnets 

■£/?e  woir  /d  : 

Vs.n  Lc3» 

M 3rs 

~t ^IT' 
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It  was  early  in  the  history  of 
civilization  that  another  curious  fact  was 
observed.  It  was  the  fact  that  the  sun, 
the  moon  and  the  wanderers  appear  to 
move  around  in  the  sky  in  roughly  the 
same  path,  no  matter  how  fast  or  slow 
the  motion  occurred. 


It  was  not  long  until  this  path  was 
given  special  recognition  since  what 
happened  in  the  skies  was  thought  to  have 
a profound  influence  on  events  on  earth. 
This  path  or  zone  became  known  as  the 
zodiac.  In  astronomical  terms  the  center 
of  this  zone  is  the  ecliptic  — the  path  that 
the  sun  appears  to  follow  amongst  the 
stars.  The  moon  deviates  as  much  as 
five  degrees  from  this  path  while  Mercury 
deviates  as  much  as  seven  degrees.  The 
paths  of  all  the  other  planets  deviate  to 
some  greater  or  lesser  degree  from 
this  path. 


“The, 

all  (move,  LJi-hlaiin  3 nd^rocj 
ha^<=i  i ^ -the.  sl.J 


The.  -zodiac. 
The  e cl  i pt 

The  placet motions 
dawate,  fromn 

£he  ecliptic.. 


Path  of  the  Moon  for  October  1972  (distance  between  dots  represents  one  dayj 


The  curved  broken  line  represents 
the  ecliptic. 


f 
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The  ancients  also  observed  that  each 
of  the  wanderers  did  not  move  with 
constant  speed  through  the  zodiac.  Some- 
times the  movement  was  quite  rapid  for 
a given  planet.  Other  times  it  was 
slower.  Also  it  was  noticed  that  at 
certain  times  the  planet  seemed  to  stop, 
move  backward,  stop  and  then  move 
forward  again  describing  a loop  in  the 
sky.  This  was  true  for  each  of  the 
wanderers  though  the  loops  varied 
considerably  in  size.  How  does  one  account 
for  these  strange,  uneven  motions?  We 
will  come  back  to  this  question  in  the 
next  lesson. 


A Typical  Orbital  Loop  for  Mars 

Such  a loop  may  take  4 
to  5 months  to  complete 


It  was  also  observed  that  two  of  the 
planets  Mercury  and  Venus  never  went 
very  far  away  from  the  sun  in  the  sky. 
Mercury  went  a maximum  of  2 8®  from  the 
sun  and  was  either  an  evening  star  or  a 
morning  star,  setting  after  the  sun  or 
rising  just  before  it.  Venus  never  went 
farther  than  48°  from  the  sun.  All  the 
other  planets  could  have  any  angle  with 
the  sun. 
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Questions  and  Problems 

1.  The  ordinary  laborer  or  herdsman  in  the  ancient  world  was 
probably  more  familiar  with  the  sky  than  the  ordinary  person 
today.  Why? 

(a)  The  ancients  had  knowledge  available  to  them  which  has 
since  been  lost. 

(b)  We  live  mostly  in  cities  and  towns  and  have  clocks. 

(c)  The  sky  was  clear  for  more  hours  of  the  year  in  ancient 
times  than  it  is  now. 

(d)  The  latitudes  of  ancient  civilizations  were  more  suitable 
for  observation  than  our  latitudes. 


2.  Suppose  that  you  went  outdoors  in  the  flat,  open  land  of 
southern  Saskatchewan  or  Manitoba.  You  can  see  to  the  horizon 
equally  in  all  directions.  What  percentage  of  your  total  view 
up,  down,  east,  west,  north  and  south  does  the  sky  occupy? 

(a)  half 

(b)  two -thirds 

(c)  one-quarter 

(d)  about  three -eighths  _____ 

3.  At  latitudes  that  are  similar  to  Alberta's  which  of  the  following 
statements  is  true  about  the  stars? 

(a)  All  stars  describe  complete  circles  in  the  sky  as  the 
hours  pass  by. 

(b)  Some  stars  rise  and  set  and  other  stars  describe  circles 
in  the  sky  daily. 

(c)  All  stars  rise  and  set  daily. 

(d)  Only  the  stars  very  near  the  sun's  path  in  the  sky  rise 
and  set. 


4.  Which  of  the  following  shows  the  most  rapid  motion  in  the  sky 
against  the  background  of  the  stars? 

(a)  moon 

(b)  Mars 

(c)  sun 

(d)  Jupiter  

5.  How  could  you  tell  the  difference  between  a planet  and  a star? 

(a)  A planet  is  always  brighter  than  a star. 

(b)  A planet  appears  closer  than  a star. 

(c)  A planet  appears  larger  than  a star. 

(d)  A planet  appears  to  move  through  the  stars  over  a 
period  of  time. 
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How  many  days  does  it  take  the  moon  to  go  from  one  full  moon 
to  the  next? 


(a) 

29  1/2  days 

(b) 

31  days 

(c) 

365  1/4  days 

(d) 

30  days 

7. 

Which 

of  the  following  calendars  do 

we  use? 

(a) 

Gregorian 

(b) 

Julian 

(c) 

Egyptian 

(d) 

Babylonian 

8. 

What 

is  the  ecliptic? 

(a) 

The  path  the  planets  appear  to  follow  among  the  stars. 

(b) 

The  path  the  moon  appears  to 

follow  among  the 

stars . 

(c) 

The  path  that  the  sun  appears 

to  follow  among 

the  sta 

(d) 

The  point  at  which  the  sun  is 

at  the  beginning 

of 

spring 


9.  Which  of  the  following  best  describes  the  motions  of  the  planets 
among  the  stars? 

(a)  The  planets  move  with  some  variations  in  speed, 
sometimes  even  appearing  to  reverse  their  motion. 

(b)  The  planets  move  uniformly  with  only  very  slight 
variations  in  speed. 

(c)  The  planets  move  with  large  variations  in  the  speed  of 
motion  but  direction  of  motion  remains  the  same. 

(d)  The  planets  appear  to  . move  west  to  east  about  half 

the  year  and  east  to  west  the  other  half.  


10.  The  brightest  star  in  the  sky  is 


(a)  Polaris. 

(b)  Vega. 

(c)  Venus. 

(d)  Sirius. 
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11.  Why  is  the  moon's  motion  no  longer  used  as  the  basis  for  our 
calendar? 


The  Fixed  Stars 


The  fixed  stars,  as  well  as  the  sun, 
moon,  and  planets  also  received  their  share 
of  attention  by  ancient  sky  observers. 

They  served  first  of  all  as  a background 
or  screen  against  which  the  motions  of  the 
other  bodies  were  observed.  The  stars 
could  also  be  used  to  tell  time.  A star 
day  would  be  the  time  between  successive 
risings  or  settings  of  a given  star.  Star 
days  are  slightly  shorter  than  sun  days 
because  the  sun  appears  to  move  about 
1®  per  day  among  the  stars. 


Uses  o-P  stars; 

- grid  *for  closer  v)\nc> 

O-f-  S't’&r's 


Stair  <^3^  s days. 


The  brighter  stars  were  honored 
with  names.  Many  of  the  stars  seemed 
to  be  clustered  in  groups  or  patterns.  In 
fact  to  the  ancients  the  sky  was  filled 
with  all  kinds  of  figures  which  one  can 
suppose  made  the  sky  seem  more 
personal  and  familiar.  These  figures 
are  called  constellations  (meaning  "stars 
together" ) . 


SoKHc  ^’tsr'T 

l/e^a 

SiritLS 
/Aide  baraK? 
Arctu.ru  s 

Coiostelfations 

"’Stav's  Together‘S 
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Many  still  bear  the  ancient  names  given 
to  them  and  the  names  are  still  used 
by  astronomers  to  identify  stars  and 
regions  in  the  sky.  One  of  the  first 
tasks  of  an  amateur  astronomer  is  to 
become  familiar  with  these  ancient 
constellations  for  they  are  very  helpful  in 
learning  to  appreciate  the  night  sky  and 
in  locating  objects  in  the  sky  quickly  and 
easily.  Before  you  do  the  questions  and 
problems  on  pages  21-24,  read  page  25, 
read  one  of  the  Sections  and  make 
observations  of  the  sky. 


Lesson  lOA 


o-f  cov\^i.ellat  ions 

is  ) import  in  BS^rononn^ 


Problems 

Before  you  do  these  problems  read  page  25  and  Section  I,  or 
Section  II  or  Section  III  whichever  fits  your  time  of  star  observation. 

1.  In  which  of  the  polar  constellations  would  you  expect  to  find  each 
of  the  following  stars  ? 

Thuban  

Megrez  

Caph  

Polaris  

Phad  

Kochab 

Mizar 

Merak 


Dubhe 
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2.  Where  would  you  expect  to  find  each  of  the  following  constellations 
j^polar  zone  (P),  between  pole  & ecliptic  (P  & E),  ecliptic  (E),  or 
below  ecliptic  (BE)3?  Fill  in  only  the  blanks  for  the  Section  you  read. 


r 


Section  I 


Cassiopeia 
Square  of  Pegasus 
Aquila,  the  Eagle 
Draco,  the  Dragon 
Cygnus,  the  Swan 
Lyra,  the  Lyre 


r 


Section  II 


Orion,  the  Hunter 

Ursa  Minor,  the  Little  Bear 

Taurus , the  Bull 

Auriga,  the  Charioteer 

Gemini,  the  Twins 

Canis  Major,  the  Big  Dog 


Section  HI 


< 


Bootes,  the  Herdsman 

Ursa  Major,  the  Great  Bear 

Leo,  the  Lion 

Virgo,  the  Virgin 

Cassiopeia 

Draco,  the  Dragon 


3.  In  which  constellation  would  you  expect  to  find  each  of  the  following 
stars?  (Complete  only  the  blanks  for  the  Section  that  you  read.) 


Section  I 


Polaris 

Altair 

Deneb 

Vega 
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Section  II 


r 


Section  III 


Rigel 

Polaris 

Aldebaran 

Sirius 

Pollux 

Capella 

Regulus 
Polaris 
Spica 
Arcturus 
An  tares 


4.  What  is  important  about  the  line  joining  Polaris  and  Caph  in  the 
constellation  Cassiopeia? 


5.  As  you  read  one  of  the  Sections  of  this  lesson  you  did  some 
observations  of  the  sky. 

(a)  At  what  time  of  the  year  did  you  make  your  observations  ? 
(Give  the  day  and  the  month.) 


(b)  At  what  time  of  the  day  approximately?  

(c)  List  by  name  the  bright  stars  that  you  found  without  doubt  in  your 
observations . 


(d)  On  the  following  page  locate  the  positions  of  the  stars  and 

constellations  you  observed.  At  the  top  of  the  page  show  the 
sky  as  it  appeared  to  you  looking  north. 


If  the  moon  is  in  the  sky  at  the  time  of  your  observations, 
include  it  in  your  diagram  showing  its  lighted  shape  as  well  as 
its  position  in  the  sky. 
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• Zenith  (directly  overhead) 


^ Polaris 


West 


East 


The  Sky  As  It  Appears  to  Me  Looking  North 
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Introduction  to  Sections  I,  II  and  III 


Constellations  of  the  Northern  Hemisphere 

We  have  already  noted  that  the  sun  appears  to  move  through  the  sky 
against  the  background  of  stars.  This  means  that  at  different  times  of 
the  year  different  stars  are  visible.  Also  because  of  the  earth's  rotation 
the  evening  sky  is  different  from  the  morning  sky. 


To  take  this  into  account  we  will  be  dividing  the  sky  into  seasonal 
parts.  We  will  also  divide  it  into  four  zones  for  each  season  to  more 
easily  locate  constellations.  Use  the  table  below  to  choose  the  section 
that  fits  your  time  of  year.  Study  the  section  carefully,  observing  the 
sky  as  you  do  so.  If  the  sky  is  not  clear,  go  on  to  Lesson  llA,  but 
come  back  to  this  lesson  as  soon  as  the  sky  becomes  clear.  Do  the 
problems  on  pages  21  to  24  after  you  have  finished  studying  the  appro- 
priate section. 


Time  of  Year  Evening  or  Morning 

September,  October,  fEvening  (5:00  P.M.  - 10:00  P.M.) 
November  \_Morning  (5:00  A.M.  - 7:00  A.M.) 


Section 

I 

II 


December 


Early  Evening  (4:30  P.M.  - 9:00  P.M.)  I 

< Late  Evening  (9:00  P.M.  - 11:00  P.M.)  II 

Morning  (6:00  A.M.  - 8:00  A.M.)  Ill 


January,  February, 
March 


{ 


Evening  (6:00  P.M.  - 11:00  P.M.) 
Morning  (5:00  A.M.  - 7:00  A.M.) 


II 

III 


April,  May,  June 


Evening  (9:00  P.M.  - 12:00  P.M.  MDT) 


III 


End  of  July,  August 


Evening  (11:00  P.M.  - 12:00  P.M.  MDT) 


I 


The  following  scheme  is  used  to  show  the  relative  brightness  of  the 
stars: 


-jJj-  brighter  than  first  magnitude 
first  magnitude 
^ second  magnitude 
third  magnitude 
• fourth  magnitude 


I 


I 
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Section  I:  Constellations  of  the  Northern  Hemisphere 


Constellations  of  Evening  (September,  October,  November) 
Constellations  of  Late  Evening  (End  of  July,  August) 
Constellations  of  Early  Evening  (December) 


We  will  consider  in  this  section  the  constellations  as  they  appear 
about  the  middle  of  October  at  about  8:00  P.M.  (MST)  or  9:00  P.M. 
(MDT).  In  September  the  constellations  shown  will  be  farther  east  at 
the  same  time  and  in  November  they  will  be  farther  west. 

1 . The  Polar  Zone 


In  this  zone  the  stars  are  visible  at  all  times  of  the  year. 
They  never  rise  nor  set  but  appear  to  move  in  a circle  around 
the  north  star,  Polaris. 


The  Circumpolar  Whirl  (A  Time  Exposure  of  the  Stars  Near  the 

North  Star). 


( 


I 


Physics  10 


2 


Lesson  lOA 
Section  I 


The  most  familiar  constellation  in  this  region  is  Ursa  Major,  part 
of  which  is  called  the  Big  Dipper.  The  Dipper  has  been  known  by 
various  names  throughout  history  — the  Plough  (England),  the  Wagon, 
the  Seven  Oxen. 


To  Zenith 
^ Polaris 


A 


^Dubhe 

I 

I 

^ Merak 


To  Northern  Horizon 

The  Big  Dipper  (Looking  North)  - October  Evenings 

Six  months  earlier  in  April  the  Big  Dipper  would  appear  almost 
directly  overhead.  It  will  be  important  to  know  the  names  of  the 
stars  shown  because  they  will  be  used  as  pointers  to  help  locate 
other  stars  and  constellations.  Note  how  Dubhe  (Doob-he)  and  Merak 
point  to  Polaris. 

The  second  constellation  in  this  area  is  considerably  dimmer 
than  the  Big  Dipper.  It  is  the  Little  Dipper  (officially  known  as 
Ursa  Minor  - the  Little  Bear) . Polaris  is  at  the  end  of  its 
handle. 


Alcor  Mizar 


URSA  MAJOR 


\ 
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^ To  Zenith 


URSA  MINOR 


^ Polaris 
I 


Kochab 


To  Northern  Horizon 

The  Little  Dipper  (Looking  North)  - October  Evenings 


The  second  magnitude  star  on  the  lip  of  the  Little  Dipper  is 
Kochab.  Note  that  the  other  stars  in  the  Little  Dipper  are  much 
dimmer  than  Polaris,  Kochab  and  the  stars  of  the  Big  Dipper. 

The  third  constellation  in  this  area  is  a very  long  one,  as  its 
name  suggests.  It  is  Draco  the  Dragon. 
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Draco  the  Dragon  (Looking  North)  - October  Evenings 


Note  that  Thuban  lies  about  halfway  between  Mizar  and  Kochab. 
Note  also  that  the  head  of  Draco  lies  between  Thuban  and  the  bright 
star  Vega. 

The  fourth  and  last  constellation  is,  along  with  the  Big  Dipper, 
one  of  the  easiest  constellations  to  recognize  in  this  area.  First 
of  all  it  lies  directly  across  Polaris  from  the  Big  Dipper.  Secondly 
it  is  in  the  shape  of  a huge  W.  It  is  the  constellation  Cassiopeia. 
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Cassiopeia  (Looking  North)  - October  Evenings 


During  October  evenings  Cassiopeia  is  high  overhead  and  some- 
what to  the  southeast  of  Polaris.  The  dotted  line  shown  in  the 
diagram  is  a very  important  one.  This  line  from  Polaris  to  Caph 
and  on  to  the  southern  horizon  is  the  0 line  from  which  astronomers 
measure  east  and  west  in  the  sky.  It  is  something  like  0®  longitude 
on  the  earth*s  surface.  The  measurements  taken  east  from  this  line 


are  called  right  ascension.  When  the  line  is  straight  south  it  is 
0 h star  time. 
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2 . The  Zone  Between  Polaris  and  the  Ecliptic 


The  most  outstanding  stars  in  the  sky  at  this  time  of  the  year 
are  the  three  bright  stars  which  form  the  "Summer  Triangle." 

They  are  Vega,  Deneb  and  Altair  and  in  mid-October  evenings  they 
can  be  seen  high  in  the  southwest.  The  two  stars  nearest  the  north 
star  are  Vega  and  Deneb.  Vega  lies  to  the  west  of  Deneb.  The 
southern  point  of  the  triangle  is  formed  by  Altair.  Vega  is  part  of 
the  constellation  Lyrae  (the  Lyre),  Deneb  of  Cygnus  (the  Swan)  and 
Altair  of  Aquila  (the  Eagle). 
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Aquila,  Cygnus  and  Lyrae  (Looking  South)  - October  Evenings 
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Another  constellation  which  is  quite  well  known  but  more 
difficult  to  find  is  Pegasus  (the  Fl3ring  Horse).  The  main  part  of 
the  constellation  is  a large  square  formed  by  four  stars.  One 
way  to  find  it  is  to  draw  a line  through  the  two  stars  of  Cassiopeia 
shown  below  and  extend  it  southward. 
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Great  Square  of  Pegasus  (Looking  South)  - October  Evenings 
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The  scale  on  the  diagram  above  is  a bit  deceiving.  The 
square  covers  quite  a large  part  of  the  sky  - larger  than  is 
suggested  by  the  diagram.  Just  above  the  square  is  M31,  the 
Andromeda  Galaxy.  It  appears  as  a fuzzy  patch  of  light  on  a 
clear  night  and  is  the  only  galaxy  in  the  northern  hemisphere 
visible  to  the  naked  eye. 

3 . The  Ecliptic  Zone 

The  constellations  on  the  ecliptic  at  this  time  of  the  year  are 
quite  dim.  In  addition  the  ecliptic  is  quite  low  in  the  south.  Thus 
unless  the  sky  is  very  clear  and  dark  it  is  not  easy  to  find  them. 
This  group  of  constellations  include  Capricornus  (the  Unicorn), 
Aquarius  (the  Water-Bearer),  and  Pisces  (the  Fish).  If  you  wish 
to  locate  them  refer  to  the  Autumn  star  map  at  the  end  of  this 
lesson. 

4.  The  Zone  Below  the  Ecliptic 

Since  the  ecliptic  is  quite  low  in  the  sky  at  this  time  of  year 
there  are  no  significant  constellations  visible  in  this  zone  in  early 
autumn. 


In  the  autumn  part  of  the  sky  there  are  three  major  bright 
stars  — Altair,  Deneb  and  Vega.  If  you  see  any  other  bright  object 
in  the  sky,  it  is  likely  a planet.  Attempt  to  show  the  position  of 
such  an  object  in  your  diagram  on  page  24. 

There  are  many  dimmer  constellations  that  we  have  not 
identified.  You  may  wish  to  find  some  of  them  with  the  aid  of  a 
star  map  or  atlas. 

Turn  now  to  the  problems  on  pages  21  to  24. 
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Section  II:  Constellations  of  the  Northern  Hemisphere 


Constellations  of  Late  Evening  (December) 

Constellations  of  Evening  (January,  February,  March) 
Constellations  of  Morning  (September,  October.  November) 


In  this  section  we  will  deal  with  constellations  as  they  appear  about 
the  middle  of  February  at  about  20  00  h (8:00  P.M.  MST)  or  in  the 
middle  of  October  at  about  5 00  h or  6 00  h (5:00  or  6:00  A.M.  MDT) . 
In  January  at  20  00  h these  constellations  will  be  farther  to  the  east 
than  shown.  In  March  they  will  be  farther  west. 

For  this  region  of  the  sky  the  ecliptic  is  quite  high  in  the  sky. 


1 . The  Polar  Zone 


In  this  zone  the  stars  are  visible  at  all  times  of  the  year. 
They  never  rise  or  set  but  appear  to  describe  a circle  around 
Polaris.  The  photograph  below  shows  what  happens  when  you 
expose  a film  to  this  zone  for  several  hours. 
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The  most  familiar  constellation  in  this  region  is  Ursa  Major, 
the  Great  Bear.  We  more  commonly  call  it  the  Big  Dipper,  It 
has  been  known  by  various  names  throughout  history  — the  Plough 
(England),  the  Wagon  and  the  Seven  Oxen. 
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The  Big  Dipper  (Looking  North)  - February  Evenings 

It  is  important  to  note  the  names  of  the  stars  of  the  Big 
Dipper.  A line  drawn  between  two  of  them  (Merak  and  Dubhe) 
points  to  Polaris.  We  will  find  that  other  lines  help  us  to  locate 
nearby  constellations . 

The  second  constellation  in  this  area  is  considerably  dimmer 
than  the  Big  Dipper.  It  is  Ursa  Minor,  the  Little  Bear,  more 
commonly  called  the  Little  Dipper.  Polaris  is  at  the  end  of  its 
handle . 


Mizar  ^ 


Physics  10 


3 


^ Polaris 

\ 

\ 

\ Kochab 

I T 

• — -+ 


* 


Lesson  lOA 
Section  II 


♦ 


The  Little  Dipper  (Looking  North) 


- February  Evenings 
^ \ 


Polaris  ^ 
% 


- ^Mizar 


% 


Draco  the  Dragon  (Looking  North)  - February  Evenings 
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Note  that  Thuban  (a  star  in  the  Dragon’s  tail)  lies  about  halfway 
between  Kochab  and  Mizar.  At  this  time  of  the  year  the  head  of  the 
Dragon  is  near  the  northern  horizon  and  so  may  not  be  highly  visible. 

The  fourth  constellation  in  this  zone  is  about  as  bright  as  the 
Big  Dipper  and  quite  easy  to  recognize.  It  lies  directly  across 
Polaris  from  the  Big  Dipper  and  is  shaped  something  like  a huge 
W.  It  is  Cassiopeia,  ’’The  Lady  in  the  Chair." 


O h Caph 


_ - - ^ - 
Polaris 


Cassiopeia  (Looking  North)  - February  Evenings 

The  line  shown  in  the  diagram  joining  Polaris  and  Caph  is  a 
very  important  one.  It  is  the  0 line  from  which  astronomers  mea- 
sure distances  east  and  west  in  the  sky.  It  is  something  like  0® 
longitude  on  the  earth’s  surface.  The  measurements  taken  east  from  this 
line  are  called  right  ascension.  When  the  line  is  straight  south  it 
is  0 h sidereal  (star)  time. 
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2 . The  Zone  Below  the  Ecliptic 

In  the  fall  and  winter  seasons  the  ecliptic  is  quite  high  in  the 
sky  in  the  evenings . (This  is  the  part  of  the  sky  that  the  sun 
occupies  in  summer.)  In  addition  there  are  a number  of  very  bright 
stars  in  this  part  of  the  sky.  Not  only  this,  but  during  the  winter 
the  stars  are  visible  much  longer  each  evening  because  the  nights 
are  long.  Thus  winter  evenings  provide  excellent  opportunity  for 
observing  the  night  sky. 

We  begin  with  what  is  probably  the  most  outstanding  constellation 
in  the  sky,  Orion,  the  Hunter.  Four  of  the  bright  stars  in  this 
constellation  form  a quadrilateral  (four-sided  figure).  Two  of  these 
four  corner  stars  are  very  bright  — Betelgeuse  (betel-jooz)  at 
the  upper  left  and  Rigel  (rT-jel)  at  the  lower  right.  The  other  five 
major  stars  in  the  constellation  are  of  second  magnitude  or  brighter. 


ik  To  Polaris 


Y South 


Orion  the  Hunter  (Looking  South)  - February  Evenings 
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Betelgeuse  and  Bellatrix  form  the  two  shoulders  of  the  Hunter, 
while  Alnitak,  Alnilam  and  Min  taka  form  his  belt.  A sword  hangs 
down  from  Alnitak  through  the  Great  Nebula  to  i.  Orion  can  be 
seen  from  as  early  as  the  end  of  October  (midnight)  to  as  late  as 
the  end  of  March  (just  after  sunset).  Thus  it  dominates  the  sky 
during  winter. 

To  the  southeast  of  Orion  we  find  the  brightest  star  in  the  sky, 
Sirius  in  Canis  Major  (the  Big  Dog).  Follow  a line  through  the  belt 
of  Orion  to  Sirius. 


Sirius  in  Canis  Major  (Looking  South-East)  - February  Evenings 
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Just  to  the  east  of  Orion  is  another  bright  star  in  Canis  Minor 
(the  Little  Dog)  called  Procyon  (pro  si~on).  Follow  a line  eastward 
through  Bellatrix  and  Betelgeuse. 
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Canis  Minor  and  Procyon  (Looking  South)  - February  Evenings. 

3 . The  Ecliptic  Zone  (Zodiac) 

The  ecliptic  lies  just  above  Orion.  The  sun  is  in  this  part 
of  the  sky  in  June.  Near  the  ecliptic  there  are  a number  of 
bright  stars  and  other  interesting  objects.  One  of  them  is  the 
bright  star,  Aldebaran,  the  eye  of  Taurus,  the  Bull. 


Physics  10  - 8 - Lesson  lOA 

Section  II 


Aldebaran  in  Taurus  (Looking  South)  - February  Evenings 

To  the  right  and  above  Aldebaran  there  is  the  famous  cluster 
of  dim  stars  called  the  Pleiades  (Plee  yuh  deez).  The  cluster 
of  stars  near  Aldebaran  is  called  the  Hyades . 

The  next  zodiac  constellation,  Gemini  the  Twins,  contains  the 
bright  twin  stars  Castor  and  Pollux.  They  lie  above  Orion  and 
to  the  left.  A line  joining  Rigel  and  Betelgeuse  points  roughly  in 
the  direction  of  Gemini. 
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Gemini,  the  Twins  (Looking  South)  - February  Evenings 

Of  the  twin  stars  Castor  and  Pollux,  Castor  is  the  closer  to 
the  pole  star.  The  next  zodiac  constellation  to  the  east  of  Gemini 
is  Cancer.  It  is  quite  dim  and  difficult  to  find. 

4 . The  Zone  Above  the  Ecliptic 

There  are  two  noteworthy  constellations  in  this  zone.  One  of 
them,  Auriga  the  Charioteer,  is  just  above  the  ecliptic  and  contains 
the  bright  star,  Capella.  A line  drawn  between  Mintaka  and  Bella- 
trix  points  to  Capella. 
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Capella  in  Auriga  the  Charioteer  (Looking  South)  - February  Evenings 

Capella  is  nearly  directly  overhead  when  Orion  is  in  this 
position.  Another  way  to  find  Capella  is  to  note  that  it  is  about 
half  way  between  Orion  and  Polaris. 

There  is  another  constellation  in  this  part  of  the  sky  which 
is  noteworthy.  It  does  not  have  any  very  bright  stars  but  it  has 
an  interesting  star,  Algol,  which  changes  its  brightness  every 
several  days.  Algol  is  actually  a system  of  two  stars  rotating 
about  each  other.  Every  day  or  so  one  of  them  eclipses  the  other 
causing  a change  in  brightness . 
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Algol  is  in  Perseus  which  lies  just  to  the  north  of  the  Pleiades 
toward  Polaris.  One  way  to  find  it  is  to  draw  a line  between  two 
stars  in  Cassiopeia  as  shown  below* 
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Jupiter 
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Perseus,  Son  of  Jupiter  and  Algol  (Looking  South)  - February  Evenings. 

If  you  are  able  to  observe  Algol  several  nights  in  succession 
you  may  see  it  change  in  brightness. 

It  is  worth  noting  that  the  part  of  the  sky  that  we  have  been 
studying  in  this  section  has  no  fewer  than  eight  bright  stars  — 
Betelgeuse,  Rigel,  Sirius,  Procyon,  Aldebaran,  Castor,  Pollux 
and  Capella,  Can  you  locate  them  all?  If  you  look  to  the  east  you 
may  also  be  able  to  see  Regulus  in  Leo  the  Lion  which  we  will 
introduce  in  the  next  section.  If  there  are  any  other  bright  objects 
in  the  sky  they  are  likely  planets. 
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There  are  many  of  the  dimmer  constellations  that  we  have  not 
identified.  You  may  wish  to  find  some  of  them  with  the  help  of 
a star  map  or  atlas. 

Turn  now  to  the  set  of  problems  on  pages  21  to  24. 
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Section  III:  Constellations  of  the  Northern  Hemisphere 


Constellations  of  Evening  (April,  May,  June) 

Constellations  of  Morning  (November,  December,  January) 


We  will  consider  in  this  section  the  constellations  as  they  appear 
about  the  middle  of  May  at  22  00  h (10:00  P.M.  MDT).  In  April  the 
constellations  shown  will  be  further  east  at  the  same  time  and  in  June 
further  west.  Observation  at  this  time  of  the  year  must  be  quite  late 
because  the  sun  sets  at  about  21  30  h (9:30  P.M.  MDT). 

1.  The  Polar  Zone 

In  this  zone  the  stars  are  visible  at  all  times  of  the  year. 

They  never  rise  nor  set  but  appear  to  move  in  circles  around  the 
pole  star,  Polaris.  The  photograph  below  shows  what  happens 
when  you  time  expose  film  in  a camera  pointed  at  the  pole  star  for 
a period  of  several  hours. 
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The  most  familiar  constellation  in  this  region  is  Ursa  Major, 
the  Great  Bear.  More  commonly  it  is  called  the  Big  Dipper.  It 
has  been  known  by  various  names  throughout  history  — the  Plough 
(England),  the  Wagon,  the  Seven  Oxen. 
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The  Big  Dipper  (Looking  North)  - May  Evenings 

Note  that  at  this  time  the  Big  Dipper  is  almost  directly  overhead. 
It  is  important  to  note  the  names  of  the  stars  in  the  Big  Dipper. 

For  example,  the  two  "pointers”  Merak  and  Dubhe  (Doob  he)  direct 
us  to  Polaris.  Later  we  will  use  other  stars  in  the  Dipper  to 
help  locate  nearby  constellations.  Note  that  the  star  in  the  bend 
of  the  Dipper's  handle  is  a double  star.  The  dimmer  star  is  of 
fourth  magnitude  and  is  called  Alcor. 

The  second  constellation  in  this  zone  is  considerably  dimmer 
than  the  Big  Dipper.  It  is  Ursa  Minor,  the  Little  Bear,  also 
called  the  Little  Dipper.  Polaris  is  at  the  end  of  its  handle. 


Physics  10 


3 


Lesson  lOA 
Section  III 


Northern  Horizon 


The  Little  Dipper  (Looking  North)  - May  Evenings 

The  second  magnitude  star  on  the  "lip”  of  the  Little  Dipper 
is  Kochab.  The  other  stars  in  this  constellation  are  of  fourth 
magnitude  or  less. 

The  third  constellation  in  this  area  of  the  sky  is  a long  one 
as  its  name  suggests.  It  is  Draco,  the  Dragon. 


Physics  10 


- 4 « 


Lesson  lOA 
Section  III 


Northern  Horizon 


Draco  the  Dragon  (Looking  North)  - May  Evenings 

Note  that  Thuban  (a  star  in  the  Dragon's  tail)  lies  about 
halfway  between  Kochab  and  Mizar  in  the  Big  Dipper. 

So  far  all  the  constellations  we  have  examined  have  been 
high  overhead.  The  next  constellation  is  lower  in  the  north  and 
fairly  bright  and  easy  to  recognize.  It  lies  directly  across 
Polaris  from  the  Big  Dipper  and  is  shaped  something  like  a big 
W or  M depending  on  how  you  look  at  it.  It  is  Cassiopeia. 
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Cassiopeia  (Looking  North)  - May  Evenings 

The  line  shown  in  the  diagram  joining  Polaris  and  Caph  is  quite 
important.  It  is  the  0 line  from  which  astronomers  measure 
distances  east  and  west  in  the  sky.  It  is  something  like  0“  longitude 
on  the  earth's  surface.  The  measurements  east  from  this  line  are  called 
right  ascension.  They  are  usually  given  in  units  of  hours,  minutes 
and  seconds.  When  this  line  is  straight  south  of  you  it  is  0 h star 
time. 
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2 . The  Zone  Between  the  Ecliptic  and  Polaris 

If  you  follow  the  curve  of  the  Big  Dipper's  handle  you  soon 
come  to  the  bright  star  Arcturus  in  the  constellation  Bootes  (bo  o tez) 
the  Herdsman. 
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Bootes  and  Arcturus  (Looking  South)  - May  Evenings 
3.  The  Ecliptic  Zone 

In  this  region  of  the  sky  there  are  two  bright  stars  which  are 
very  nearly  on  the  ecliptic.  The  first  one  can  be  found  by  continuing 
to  follow  the  curve  of  the  Big  Dipper's  handle  beyond  Arcturus. 
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The  bright  star  you  come  to  is  Spica  in  the  constellation  Virgo. 

The  other  bright  star  is  Regulus.  It  can  be  found  by  drawing  a 
line  through  Megrez  and  Phad  in  the  Big  Dipper  and  following  it 
south.  Regulus  is  in  the  constellation  Leo,  the  Lion.  It  is  one 
of  the  brighter  constellations  on  the  ecliptic. 

^ Polaris 
\ 

\ 

\ 

\ 

\ 

\ 

\ 


\ 


Spica  in  Virgo  and  Regulus  in  Leo  (Looking  South)  - May  Evenings 
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Note  how  close  Regulus  is  to  the  ecliptic.  The  only  other 
constellations  on  the  ecliptic  visible  at  this  time  are  Cancer  and 
Libra,  both  quite  dim.  Gemini  located  in  the  west  or  northwest 
should  also  be  visible.  You  may  be  able  to  find  Castor  and  Pollux. 

4.  The  Zone  Below  the  Ecliptic 

Since  the  ecliptic  is  quite  low  in  the  south  very  few  constellations 
below  the  ecliptic  are  visible.  You  may  be  able  to  see  Procyon 
below  Castor  and  Pollux  in  the  west  just  after  sunset.  Antares  in 
the  Scorpio  may  also  be  visible  very  low  in  the  south  at  about 
24  00  h (12:00  midnight  MDT)  around  June  15.  You  could  also  see 
it  about  6 00  h (6:00  A.M.)  in  late  February. 

There  are  many  dimmer  constellations  that  we  have  not 
identified.  You  may  wish  to  refer  to  a star  map  or  atlas  to  find 
these  constellations. 
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East 
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Southern  Horizon 

Antares  in  Scorpio  (Looking  South)  - Middle  of  June  about  12:00 
midnight  MDT. 


Turn  now  to  the  set  of  problems  on  pages  21  to  24. 


END  OF  SECTION  III 
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MOTION  IN  THE  HEAVENS 
Motion  in  the  Heavens  - A Model 


One  of  the  oldest  astronomical  instruments 
is  the  astrolabe.  It  is  really  both  a measuring 
instrument  and  an  analog  computer.  The 
astrolabe  was  designed  by  the  geometers  of 
ancient  Greece  and  made  into  a practical 
instrument  for  navigation  by  the  Arabs.  It 
was  used  for  many  hundreds  of  years  for  this 
purpose.  Old  astrolabes  were  made  of  carved 
or  etched  metals.  We  will  use  materials  like 
plastic  and  plywood  or  cardboard  to  construct 
a simple  astrolabe. 

Before  we  do  that  it  is  important  to 
understand  the  construction  and  geometrical 
principles  of  an  astrolabe. 


N Pole  (North  Star) 


Imagine  the  sky  as  a hollow  globe,  or  a 
hollow  ball.  Inside  this  globe  at  the  centre 
is  the  earth.  Imagine  the  earth  to  be  shaped 
like  a small  flat  disc,  not  the  way  it  is  but 
the  way  it  appears  to  us  as  we  stand  on  its 
surface.  Imagine  that  the  sky  has  lines  of 
latitude  and  longitude  like  a globe  of  the 
earth  and  that  the  lines  of  longitude  start  at 
the  North  Star  (the  point  around  which  the  sky 
seems  to  turn). 


Now  suppose  we  could  press  that  globe 
down  into  a flat  surface  so  that  all  the  longi- 
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The  centre  of  the  circle  is  the  north  pole 
occupied  by  the  north  star.  The  inner  circle 
represents  the  circle  that  the  sun  follows  on 
June  21  when  it  is  highest  in  the  sky.  The 
middle  circle  represents  the  path  of  the  sun 
on  September  23  or  March  21,  when  it  is  at 
the  equinoxes.  The  outer  circle  represents 
the  path  of  the  sun  in  the  sky  on  December  21 
when  it  is  lowest  in  the  sky. 


Tropic  of  Career  - pB'bl' 
"the  Sun  in  the 
Oh  Sure  21 . 

Srohaic,  o-P  C^pri  cortr\  ~ 
path  of  the  in 

the.  sk^  on  X)ec.  21. 


To  measure  distances  in  the  sky  from  the 
earth  we  use  degrees  from  north  clockwise. 
This  is  called  azimuth.  We  also  use  altitude 
above  the  horizon  in  degrees.  Thus  if  a star 
is  straight  south  its  azimuth  is  180®.  If  it 
is  halfway  up  in  the  sky  its  altitude  is  45®. 
The  point  directly  overhead  (altitude  90®)  is 
called  the  zenith.  It  is  shown  as  E in  the 
diagram.  We  can  now  add  azimuth  and 
altitude  lines  to  our  diagram.  They  look 
something  like  this; 


Aziinuth  — 6 Screes. 
cloct'uji  se  fronn  nort 

Altitude.  — decrees 
above  'the  horizon 


Altitude  Line 


Horizon  Line 
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The  outermost  circle  (ENW)  represents  the  horizon.  A mark 
(representing  a heavenly  object)  that  crosses  this  line  means  that  the 
object  is  rising  or  setting.  The  next  circle  represents  10®,  the  next 
20®  and  so  on  until  you  come  to  90®  at  the  zenith  (Z).  The  latitude  of 
Edmonton  is  about  54®  so  the  pole  star  would  be  located  at  an  altitude 
of  about  54®  (point  P). 


To  use  an  astrolabe  all  we  need  to  do  is 
mount  a transparent  circular  plate  on  top  of 
the  lines  shown  in  the  diagram  above.  This 
plate  rotates  about  P to  represent  the  daily 
motion  of  the  sky.  On  the  plate  we  make 
marks  to  represent  the  stars  and  a circle  to 
represent  the  path  of  the  sun  through  the  sky 
(the  ecliptic).  On  the  outside  of  the  circles 
is  a circular  scale  with  markings  from  0-23 
This  represents  star  time.  As  we  rotate  the 
plate  we  can  observe  when  various  stars  rise 
and  set.  For  each  day  of  the  year  we  can 
find  the  place  the  sun  is  on  the  ecliptic. 

When  we  know  this  we  can  tell  when  the  sun 
will  rise  or  set. 


The.  plate:  of- 

CLr\  CL^trol ahe,  !s>  caUe.A 


the.  rete,  / 
he.  c//>»ya^e. 


h. 


bodi^  of 

astrola  be  is  -the.  tvic*±ej^. 


Activity 


Soyvie.  typical  latitudes  i 


L&ih  lori 

C^cxl 


Pages  4a,  4b,  4c,  4d,  4e,  4f  and  the 
plastic  plate  after  page  4h  contkin  the  main 
parts  necessary  for  the  construction  of  an 
astrolabe . 


Y^f/oui  bh 


33. 
S3. 

60^ 


1. 


Examine  pages  4a,  4b  and  4c.  Choose 
the  diagram  that  most  closely  represents 
your  latitude.  You  will  not  need  the 
other  two  at  your  latitude.  Carefully 
cut  out  the  one  you  have  chosen.  You 
may  wish  to  save  the  others  for 
comparison  purposes. 


From  a piece  of  cardboard  or  0.50  cm 
plywood,  cut  out  a 23  cm  diameter 
circle  or  a square  with  a side  of  23  cm. 
This  will  form  the  mater  of  the  astrolabe. 
Find  the  centre  of  this  circle  or  square 
and  drill  or  punch  out  a hole  large 
enough  to  contain  the  diameter  of  a small 
bolt.  The  bolt  should  have  a diameter 
of  from  2 mm  to  5 mm. 


Punch  a hole  (the  same  size  as  that  in  the 
cardboard  or  plywood)  through  the  point 
marked  P on  the  climate  that  you  cut  out 
in  step  1 . 


D 0\  0\ 
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Using  wood  glue  or  rubber  cement  attach 
the  climate  to  the  piece  of  wood  or  card- 
board . Be  sure  that  the  hole  in  the 
climate  lines  up  with  the  hole  in  the 
cardboard  or  plywood  mater. 

4.  Cut  out  the  hour  markings  from  page  4d. 
Glue  the  hour  markings  on  the  cardboard 
(or  plywood)  mater.  They  should  lie 
outside  the  circle  of  the  climate.  Be 
sure  the  0 h mark  lines  up  with  the 
180°  (south)  azimuth  line. 

5.  From  the  plastic  sheet  (found  following 
page  4h)  cut  out  the  large  black  circle. 
This  will  form  the  rete.  Be  sure  to 
retain  the  tab  at  the  top  of  the  circle. 

Do  not  cut  it  off.' 

6e  Carefully  cut  a hole  (the  same  diameter 
as  the  bolt  you  will  use)  in  the  centre 
of  the  rete  circle  (at  the  point  labelled 
Polaris).  One  way  of  doing  this  is  to 
use  a ballpoint  pen  and  the  appropriate 
size  of  hole  in  a geometry  set  or  a 
drafting  set  hole  template.  Place  the 
hole  over  the  plastic  rete  with  its 
centre  at  the  Polaris  dot.  Run  the  pen 
around  and  around  the  hole  until  it  cuts 
through  the  plastic. 

7.  From  page  4e  cut  out  the  astrolabe  rule 
and  again  cut  a hole  (the  same  diameter 
as  that  of  the  bolt)  at  the  dot  in  its 
centre . 

8.  Fasten  first  the  plastic  rete  and  then  the 
astrolabe  rule  to  the  mater  and  climate 
using  the  small  bolt  to  hold  them 
together.  The  rete  should  turn  freely 
about  the  bolt.  You  are  now  ready  to 
use  the  astrolabe. 


Hoo^r-  r^tkrkiti^s 


Compietedl  Astrolabe 


< 
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ho  b(2.  Cut  ou.t  ^ f aided  Oh.  the 

on  the  dotieJ  hnes  and  c^luod 
So  hhat  rcctdn^lee  uo'tth  iduo 
hole^  are  Plat  a^amst  eac^ 

othe^  Sind  5tai^cL  LA^  atr  D^ht 
anjleS  'tS  tdL-  re^tr  of  <atfc}acle.. 

Xf  /' S X he,  attaoheJ  To  tAjz. 
baX  ot  hkjL  astr-ols  he  and  us^A  Xo 

dehei^'/yh‘^e,-  star  altitudes. 


fdl/Otr  lock  st  tkuL  sun  di^c,cst/^ 
bhraucjU  Ihje  ho/cS  of  fX  a/ids.X . 


ANGLE  SCALE  FOR  THE  BACK  OF  THE  ASTROLABE 
Cpl3C.C-  ih 
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Questions 

1.  Turn  the  plastic  rete  slowly  around  in  a clockwise  direction.  Notice 
that  some  stars  cross  the  horizon  line  and  others  do  not. 

(a)  Name  one  star  that  does  not  cross  the  horizon  line. 


(b)  Name  one  star  that  does  cross  the  horizon  line. 


2.  Find  the  star  time  at  which  the  star  Sirius  rises.  (Set  the  dot 

representing  Sirius  directly  on  the  east  horizon  line.  What  hour  and 
minute  does  the  mark  on  the  tab  at  the  edge  of  the  circle  point  to?) 


3.  At  what  star  time  does  the  star  Regulus  rise?  (Regulus  is  near  the 
August  22  position  of  the  sun). 


4.  At  what  star  time  does  the  star  Sirius  set?  (Place  the  dot  representing 
Sirius  on  the  west  horizon  line  to  represent  its  setting). 


5. 

At 

what 

star 

time 

does 

the 

star  Procyon  set  ? 

6. 

At 

what 

star 

time 

does 

the 

star  Altair  rise  ? 

7. 

At 

what 

star 

time 

does 

the 

star  Capella  set? 
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Today's  date:  

Find  the  position  of  the  sun  for  today.  (Find  today's  date  on  the  date 
circle  - (ecliptic  circle)  - on  the  plastic  rete.)  At  what  time  does  the 
sun  rise  today?  (Set  the  mark  for  today's  date  on  the  eastern  horizon 
line.  Read  the  time  from  the  marked  tab.) 


At  what  star  time  does  the  sun  set  today? 


How  many  hours  of  daylight  will  there  be  today? 

Note:  to  subtract  a large  time  reading 

from  a smaller  one  add  24h  to 
the  smaller  reading.  For  example, 
subtract  ■ ll:34h  from  3:23h: 

= 3:23h  - ll:34h 
= (3:23  + 24:00)  - 11:34 
= 27:23  - 11:34 
= 26:83  - 11:34 

= I5:49h  ^ 

9.  At  what  star  time  does  the  sun  rise  on  March  22? 


On  September  23  ? 


10.  At  what  star  time  does  the  sun  rise  on  May  30? 


At  what  star  time  does  the  sun  set  on  October  15  ? 


11.  So  far  we  have  been  talking  only  about  star  time  (also  called  sidereal 

(si  dear  e al  time).  How  is  this  related  to  clock  time?  The  difference 
lies  in  the  fact  that  sidereal  time  is  measured  according  to  the  stars 
and  clock  time  is  measured  from  the  sun.  The  sun  appears  to  move 

eastward  among  the  stars  day  by  day  and  so  the  two  times  are 
different  except  at  only  one  time  of  the  year.  | 

As  you  read  the  next  paragraph  refer  to  the  illustrations  on  pages 
7a  and  7b. 
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Near  autumnal  equinox,  September  20  or  21,  star  time  and  clock  time  are 
the  same.  At  all  other  times  they  are  different.  But  with  the  astrolabe 
it  is  a fairly  easy  matter  to  read  both  the  star  time  and  the  clock  time. 
Let's  take  an  example.  Supppose  the  date  is  October  9 and  in  the  afternoon 
we  take  a reading  on  the  sun' s shadow  and  find  that  the  sun  is  at  an 
altitude  of  16® . Set  the  rete  so  that  the  point  labelled  October  9 is  at 
the  16°  line  in  the  western  part  of  the  sky  (right  side  of  the  astrolabe) . 
From  the  marked  tab  you  can  read  star  time.  It  should  be  somewhere  between 
16  00  and  17  00  in  Alberta.  To  read  clock  time  set  the  rule  (the  device 
that  turns  above  the  rete)  so  that  the  edge  with  the  degree  markings  is 
directly  over  October  9.  (Make  sure  that  the  October  9 mark  stays  on  the 
16°  altitude  line  while  you  are  doing  this.)  Now  read  the  time  on  the 
other  edge  of  the  rule  according  to  the  instruction  written  there.  Your 
reading  should  be  somewhere  between  15  00  and  16  00  in  Alberta.  Try  it 
with  your  astrolabe.  Note  that  star  time  is  ahead  of  clock  time. 

The  time  that  you  read  is  not  yet  true  clock  time.  There  are  two 
corrections  to  be  made  (three  during  periods  of  daylight  saving  time).  The 
time  you  read  from  the  rule  is  actually  the  time  that  a sundial  would  show-= 
it  is  called  local  solar  time.  To  obtain  clock  time  we  must  make  the 
following  corrections: 

(1)  For  varied  reasons  the  sun  does  not  move  evenly  at 

a constant  speed  across  the  sky.  To  solve  the  problem 
geographers  have  invented  the  mean  sun.  Imagine  a sun 
that  travels  eastward  among  the  stars  at  a constant, 
unchanging  rate  throughout  the  year.  This  is  the  mean 
(average)  sun  and  from  it  we  obtain  mean  time.  Sometimes 
the  mean  sun  is  ahead  of  the  actual  sun  and  sometimes  it 
is  behind.  The  difference  can  be  as  much  as  16  minutes. 
The  table  on  page  9 gives  the  number  of  minutes  that  must 
be  added  or  subtracted  from  the  astrolabe  time  reading 
for  each  day  of  the  year. 

(2)  For  convenience  in  doing  business  and  in  conducting  daily 
affairs  we  live  in  time  zones,  regions  in  which  everyone 
keeps  the  same  time.  Every  place  has  a different  local 
time  - time  according  to  the  mean  sun  - but  all  areas  in 
the  same  time  zone  have  the  same  standard  time.  Most 
places  in  Alberta  are  west  of  the  centre  of  our  time  zone 
and  so  we  must  add  a correction  for  that  fact.  For 
Lloydminster  and  any  points  directly  north  or  south  of 

it  add  20  minutes.  For  Edmonton  and  Calgary  and  Red 
Deer  and  any  points  directly  north  and  south  of  them  add 
34  minutes.  For  points  east  or  west  of  these  three  areas 
you  will  need  to  estimate  a figure  between  20  minutes  and 
60  minutes  depending  on  the  distance  involved. 
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(3)  During  periods  of  daylight  saving  time  add  Ih  to  the 

reading  from  the  astrolabe  rule.  Now  let^s  apply  these 
corrections  to  our  October  9 reading.  Assume  that  we 
are  in  Edmonton,  Calgary  or  Red  Deer. 

Time  reading  from  the  astrolabe  rule 


(local  solar  time) 

15:28 

Correction  for  mean  sun 

15:28 

- 0:13  = 15:15 

(local  mean  time)  for  October  9. 

Correction  for  position  in  time  zone 

15:15 

+ 0:34  = 15:49 

(Mountain  Standard  Time) 

Since,  on  October  9,  we  are  usually  still  on  daylight  saving 
time  we  must  add  l:00h.  Thus  clock  time  when  the  sun  is 
at  IS*'  in  the  western  sky  at  Edmonton  on  October  9 is 
16  49  or  4:49  P.M. 


Now  let's  do  an  exercise  in  finding  clock  time  using  the  astrolabe.  The 
easiest  time  to  observe  the  altitude  of  the  sun  is  at  sunrise  or  sunset  - 
altitude  0®.  Choose  a clear  day  when  you  can  observe  sunrise  or  sunset. 

Date  of  observation: 


Clock  time  of  sunset  or  sunrise: 


Find  the  date  market  for  this  date  of  observation  on  the  ecliptic  circle 
of  the  rete.  Set  it  at  the  eastern  horizon  line  (0*’  altitude)  for  sunrise  and 
at  the  western  horizon  line  for  sunset. 

What  is  the  sidereal  time?  (tab  marker  on  the  edge  of  the  rete) 


What  is  the  local  time?  (set  the  edge  with  the  degree  markings  at  the 
date  mark  - read  time  from  the  opposite  edge  of  the  rule) 


What  is  the  correction  for  difference  between  mean  and  solar  time? 

(See  table,  page  9.)  

Make  this  correction  to  your  reading. 
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Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

1 July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

min. 

min. 

min. 

min. 

min. 

min. 

min. 

min. 

min. 

min. 

min. 

min. 

1 

+ 3.6 

+13.7 

+12.5 

+4.0 

-2.9 

-2.4 

+3.6 

+6.2 

+0.0 

-10,2 

-16.3 

-11.0 

2 

4.0 

13.8 

12.3 

3.7 

-3.1 

-2.3 

3.8 

6.1 

-0.3 

-10.5 

“16.4 

-10.6 

3 

4.5 

13.9 

12.1 

3.4 

-3.2 

-2.1 

4.0 

6.1 

0.6 

-10.9 

-16.4 

-10.2 

4 

5.0 

14.0 

11.9 

3.1 

-3.3 

-1.9 

4.1 

6,0 

0.9 

“11.2 

-16.4 

- 9.8 

5 

5.4 

14.1 

11.7 

2.8 

-3.4 

-1.8 

4.3 

5.9 

1.2 

-11.5 

-16.3 

- 9.4 

6 

+ 5.9 

+14.2 

+11.4 

+2.5 

-3.5 

-1.6 

+4.5 

+5.8 

-1.6 

-11.8 

-16.3 

- 9.0 

7 

6.3 

14.3 

11.2 

2.2 

-3.5 

-1.4 

4.7 

5,7 

-1.9 

-12.0 

-16.3 

- 8.6 

8 

6.7 

14.3 

11.0 

2.0 

-3.6 

-1.2 

4.8 

5.6 

-2.2 

-12.3 

-16.2 

- 8.1 

9 

7.1 

14.3 

10.7 

1.7 

-3.7 

-1.0 

5.0 

5.4 

-2.6 

-12.6 

-16.1 

-7.7 

10 

7.6 

14.4 

10.5 

1.4 

-3.7 

-0.8 

5.1 

5.3 

-2.9 

-12.9 

“16.0 

- 7.2 

11 

+ 8.0 

+14.4 

+10.2 

+1.1 

-3.7 

-0.6 

+5.3 

+5.1 

-3.3 

-13.1 

-15.9 

- 6.8 

12 

8.4 

14.4 

9.9 

0.9 

-3.8 

-0.4 

5.4 

5.0 

-3.6 

-13.4 

-15.8 

- 6.3 

13 

8.7 

14.4 

9.7 

0.6 

-3.8 

-0.2 

5.5 

4.8 

-4.0 

-13,6 

-15.7 

- 5.9 

14 

9.1 

14.3 

9.4 

0.4 

-3.8 

-0.0 

5.6 

4.6 

-4.3 

“13.9 

-15.5 

“5.4 

15 

9.5 

14.3 

9.1 

+0.1 

-3.8 

+0.2 

5.8 

4.4 

“4.7 

-14.1 

-15.4 

-4.9 

16 

+ 9.8 

+14.2 

+8.8 

-0.1 

-3.8 

+0.4 

+5.9 

+4.3 

-5.0 

-14.3 

-15.2 

- 4.4 

17 

10.2 

14.2 

8.5 

-0.4 

-3.7 

0.6 

6.0 

4.0 

-5,4 

-14.5 

“15.0 

- 3.9 

18 

10.5 

14.1 

8.3 

- 0.6 

-3.7 

0.9 

6.0 

3,8 

-5.7 

-14.7 

-14.8 

- 3.4 

19 

10.8 

14.0 

8.0 

- 0.8 

-3.7 

1.1 

6.1 

3.6 

-6.1 

-14,9 

-14.6 

- 3.0 

20 

11.1 

13.9 

7.7 

- 1.0 

-3.6 

1.3 

6.2 

3.4 

-6.5 

“15.1 

-14.4 

- 2.5 

21 

+11.4 

+13.8 

+ 7.4 

-1.2 

-3.6 

+1.5 

+6.2 

+3.1 

-6.8 

-15.3 

-14.1 

- 2.0 

22 

11.7 

13.7 

7,1 

-1.4 

-3.5 

1.7 

6.3 

2.9 

-7.2 

-15.4 

-13.9 

- 1.5 

23 

11.9 

13.5 

6.8 

-1.6 

-3.4 

1.9 

6.3 

2.6 

-7.5 

-15.6 

-13.6 

- 1.0 

24 

12.2 

13.4 

6.5 

-1.8 

-3.4 

2.2 

6.3 

2.4 

-7.9 

-15.7 

“13.3 

- 0.5 

25 

12.4 

13,2 

6.2 

-2.0 

-3.3 

2.4 

6.4 

2.1 

-8.2 

-15.8 

-13.0 

+ 0.0 

26 

+12.6 

+13.1 

+5.8 

-2.2 

-3.2 

+2.6 

+6.4 

+1.8 

-8.6 

-15.9 

-12.7 

+ 0.5 

27 

12.9 

12.9 

5.5 

-2.4 

-3.1 

2.8 

6.4 

1.5 

-8.9 

-16.0 

-12.4 

1.0 

28 

13.0 

12.7 

5.2 

-2.5 

-2.9 

3.0 

6.3 

1.3 

-9.2 

- 16.1 

-12.1 

1.5 

29 

13.2 

.... 

4.9 

-2.7 

-2.8 

3.2 

6.3 

1.0 

-9.6 

-16.2 

-11.7 

2.0 

30 

13.4 

.... 

4.6 

-2.8 

-2.7 

3.4 

6.3 

0.7 

-9.9 

-16.3 

-11.4 

2.5 

31 

+13.6 

— 

+4.3 

— 

-2.6 

— 

+6.3 

+0.4 

— 

-16.3 

— 

+ 3.0 

Table  Showing  Corrections  to  Clock  Reading  of  the  Astrolabe  Rule 
Due  to  Differences  in  Position  Between  the  Actual  Sun  and  the 
Mean  Sun. 
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What  is  the  correction  for  your  position  in  the  time  zone? 

(See  page  7,  item  2«)  

Make  this  further  correction  to  your  reading. 


Finally  add  Ih  if  the  date  of  observation  is  within  the  period  of  daylight 
saving  time  (between  last  weekend  in  April  and  last  weekend  in  October). 


Your  final  corrected  reading.  

What  is  the  error  in  your  reading?  Subtract  the  time  you  actually 
observed  the  sun  rise  or  set  from  the  reading  you  found  here. 


K you  cannot  find  a clear  day  for  observing  sunrise  or  sunset  you  could 
use  the  figures  reported  in  a daily  newspaper  in  place  of  the  observations. 

Time  can  also  be  determined  by  observing  the  altitude  of  stars. 
Traditionally,  the  astrolabe  included  a device  on  the  back,  called  an 
alidade,  through  which  stars  could  be  sighted  and  their  altitudes  measured. 
The  alidade  (page  4f)  will  be  used  in  a later  exercise. 

12.  If  you  wish  to  use  the  astrolabe  as  a guide  to  observing  stars  and 
constellations  put  the  plastic  sheet  over  the  diagram  on  page  4h  and 
trace  the  extra  dots  shown  as  well  as  the  months  along  the  edges. 

To  use  the  astrolabe  this  way  set  the  month  against  the  time  you 
are  observing  the  sky.  If  you  want  to  observe  at  8:00  P.M.  in 
November,  set  November  at  20  OOh.  The  constellations  that  are 
enclosed  by  the  horizon  line  are  the  ones  that  you  will  see  in  the 
sky  at  this  time. 
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Ancient  Observers  of  the  Sky  and  Its  Motions 

We  have  now  become  acquainted  with  some  of  the  stars  and 
constellations  that  have  been  visible  for  thousands  of  years.  For  many 
of  us  this  was  a new  experience.  We  are  not  exposed  as  much  to  the 
night  sky  as  ancient  peoples  were.  Nor  do  we  need  the  sky  to  tell 
time  or  direction  in  the  same  direct  way  that  they  did.  We  have  our 
timepieces  and  our  streets  and  roads  to  help  us  out. 


The  fact  is  that  we  have  been  removed 
from  direct  contact  with  nature  by  the  high 
technology  of  our  age.  In  the  city,  street 
lights  and  smog  and  buildings  obscure  the  sky. 

^ In  the  country,  automobiles,  enclosed  spaces 
on  machinery  and  mechanized  activity  of  all 
kinds  limit  our  exposure.  Even  when  we  are 
exposed  to  astronomy  we  may  be  tempted  to 
think  of  it  as  a very  special  activity,  hard  to 
understand  and  very  objective  and  mechanical. 
Indeed  it  has  many  of  these  characteristics,  yet 
first  and  foremost  astronomy  is  a human 
activity.  Astronomers  are  people  with  their 
own  unique  personalities,  feelings,  interests, 
and  understandings.  The  astronomers  who 
operate  the  giant  500  cm  telescope  on  Mt, 
Palomar  are  quite  as  human  as  were  the 
ancient  observers  who  stood  on  huge  mounds  to 
observe  the  stars.  As  we  study  the  science 
of  the  stars  we  shall  try  to  keep  this  import- 
ant aspect  of  the  science  well  in  focus. 

From  the  beginning  of  history  there  have 
been  observers  of  celestial  motions  in  all 
parts  of  the  world.  Each  civilization  and  group 
of  people  had  contributions  of  their  own  to 
make  to  our  modern  understandings  of  the 
heavens.  Their  knowledge  and  understandings 
may  have  been  meagre  but  that  knowledge  has 
served  as  a base  upon  which  more  recent 
progress  has  been  made  possible.  As  we  shall 
see,  there  were  many  situations  in  which 
astronomical  knowledge  among  ancient  peoples 
was  quite  remarkable,  especially  in  view  of 
the  simple  tools  they  had  to  use. 


Technology  rc'no\/es 
US  frohn.  cont  set" 
ujiih  nat  tLK'e- 


A^ilrononny  { <^  <a 
hdivian  ^cti\/i-ty 


Ancie«ai  ronorners 

UJ<sre^  -fou.yy<d 
Cjjor  idwfdc^ 
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The  Egyptians 

"Thou  rises t beautifully  in  the  horizon  of  heaven 
Oh  living  Aten  who  creates  Life! 

Vlhen  thou  risest  in  the  eastern  horizon 
Thou  finest  every  land  with  thy  beauty o 

Thou  art  beautiful,  great,  gleaming  and  high  over  every  land. 

Thy  rays,  they  embrace  the  lands  to  the  limits  of  all  thou  hast  made. 

Thou  art  Re  and  bringest  them  all. 

Thou  bindest  them  (for)  thy  beloved  son. 

Thou  art  afar  off,  yet  thy  rays  are  on  the  earth; 

Thou  art  in  the  faces  (of  men)  yet  thy  ways  are  not  known." 

This  poem,  written  about  4000  years  ago  reveals  a central  fact 
about  Egypt.  It  is  a country  dominated  by  brilliant  sunshine  almost 
year  round.  Thus  the  movements  of  the  sun  and  its  effects  dominated 
Egyptian  astronomy.  One  of  the  needs  that 
men  have  in  daily  activity  is  telling  time. 

The  Egyptians  observed  early  in  their 
history  that  one  way  of  doing  this  was  to 
observe  the  length  of  the  sun's  shadow.  This 
led  eventually  to  the  invention  of  the  sundial, 
one  of  the  earliest  ways  of  telling  time. 


Egypt  is  dominated  by  one  other  fact  of 
life.  For  the  most  part  the  land  is  barren 
desert,  baked  day  after  day  by  the  blazing 
sun.  However,  right  through  its  centre, 
from  south  to  north  runs  the  Nile  River. 
The  seemingly  magic  life-giving  powers  of 
water  produce  luxurious  vegetation  along 
the  banks  of  the  river.  This  contrasts 
sharply  with  the  hot,  brown  desert  sand 
next  to  it.  Today  as  in  ancient  times, 
Egypt's  population  is  concentrated  near  the 
narrow  strip  of  land  along  the  Nile  River. 


The  most  important  event  of  the  whole 
year  for  the  Egyptian  people  was  the  flooding 
of  the  Nile.  This  not  only  thoroughly 
soaked  the  ground  along  the  banks  of  the 
river  — it  also  laid  down  a rich  new  layer 
of  silt.  It  was  this  event  that  led  the 
Egyptians  to  a discovery  of  the  365  day 
year.  In  the  middle  of  Jioly  the  bright 
star  Sirius  began  to  rise  just  ahead  of  the 
sun  in  the  early  morning  in 


o-f*  the,  hlde^ 


-Sir/ us  ros<L  just'  before 
the,  SU*7  />^  /VI  id- July 
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ancient  Egypt.  This  was  a signal  to  the 
Egyptians  that  the  Nile  flooding  was  due  soon. 
By  counting  the  days  between  two  successive 
appearances  of  Sirius  the  Egyptians  discovered 
that  the  year  contained  very  close  to  365  days. 


Activity 


We  live  at  a different  latitude  than  the 
Egyptians  did  and  the  coordinates  of  the  sky 
have  changed  since  the  time  of  the  ancient 
Egyptians.  Nevertheless  you  can  use  your 
astrolabe  to  determine  when  Sirius  is  visible 
just  before  sunrise. 


Assume  that  Sirius  is  at  an  altitude  of 
5®  when  the  sun  rises.  On  what  day  of  the 
year  does  this  take  place?  Turn  the  rete  of 
the  astrolabe  until  Sirius  is  on  the  5®  line 
in  the  east  part  of  the  sky.  Then  note  which 
day  of  the  year  is  on  the  eastern  horizon. 


The  Egyptians  were  also  skilled  mathe- 
maticians. By  using  simple  instruments  they 
were  able  to  lay  the  base  of  the  Great 
Pyramid  extremely  close  to  a straight  north - 
south  orientation  within  5*'  of  an  arc  or 

250  000  ^ complete  circle.  It  is  thought 

that  at  one  time  one  of  the  shafts  in;  the  pyra- 
mid pointed  to  the  pole  star.  Some  have 
suggested  that  some  pyramids  and  temples  of 
Egypt  were  used  as  astronomical  observatories 
in  which  priests  made  careful  observations  of 
the  stars  and  sun.  One  of  the  simple  instru- 
ments used  for  astronomical  observations  was 
the  merkhet.  It  was  used  along  with  a plumb 
bob  to  make  star  sightings. 


betueen  success /Ve. 
3ppe3rances,  <5-1^  Sirius 
before  hhe  rising  sun 


lise^yocA.r'  "to 

the.  daie. 

LohcK  Sirias  r«’ses  Jasi" 
be-Fore.  tJ^e  s,u.n 


SenJ  this  in  "For 
Correct  i 


The  Grreat 
r s accurate  ly  aligned 
in  a nortA- soutA  direction 
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In  Egypt  the  sun  rises  and  sets  with  great 
regularity.  There  is  little  change  in  the  ^ of-  ^ 

weather  from  season  to  season  and  the  Nile 

floods  regularly  every  year  with  a high  degree  u/n  < r o r 3mA 
of  certainty.  This  produced  a sense  of  t . ± 

security  and  well-being  for  the  Egyptian  people.  r€gu.(a<^« 

The  same  was  not  true,  however,  for  the 
people  of  Mesopotamia,  the  Land  Between  the 
Rivers. 


The  Mesopotamians 

This  land  is  located  for  the  most  part 
near  the  two  great  rivers,  the  Tigris  and 
the  Euphrates.  It  is  a fertile  land  but  unlike 
Egypt,  storms  often  sweep  across  the  land 
sometimes  causing  much  destruction.  In 
addition,  the  two  rivers  flood  frequently, 
sometimes  destroying  crops  and  damaging 
buildings  and  even  taking  human  lives.  Life 
was  much  less  certain  and  secure  for  the 
people  who  lived  here  than  it  was  for  the 
Egyptians.  The  people  of  this  area  therefore 
saw  the  universe  as  a battle  ground  for 
opposing  forces  - sometimes  the  forces  of 
order  won  out  and  sometimes  the  forces  of 
chaos.  It  was  no  doubt  here  that  astrology 
(the  association  of  events  in  the  heavens  with 
those  on  earth)  began.  It  became  very 
important  to  observe  the  events  of  the  heavens.  or<jeK“  Smd  chgos^ 

Out  of  this  concern  came  a number  of  import- 
ant contributions  to  astronomy.  of  ast.ro/o^^ 

The  oldest  civilization  in  this  area  was 
that  of  the  Sumerians  (before  1500  B.C.). 

They  listed  25  stars  and  divided  the  year  into 
two  seasons  (summer  and  winter).  They  used 

an  intercalary  month  (a  13th  month  added  every  Tlhd-  SuKvier' » 
so  many  years)  to  correct  the  360  day  calen- 
dar. For  them  the  day  began  at  sunset  and 
time  during  the  night  (as  with  the  Egyptians) 
was  kept  with  a water  clock. 


Meso pota^ia,  a of 

soMc  u/ncertaihty  amd 
I m ^ 

“Tfc'  (j/mii/ers^  - a bati/e- 
"foir  i:\r\c  -forces, 
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The  first  real  advances  in  astronomy  began 
with  the  Babylonians  (Old  Babylon  about 
2000  B.C.,  and  the  new  empire,  612  B.C.  - 
539  B.C.)  and  the  Assyrians  (2000  B.C.  - 
612  B.C.). 


The  main  timepiece  for  these  peoples  was 
the  moon  (instead  of  the  sun  as  for  the 
Egyptians).  The  month  began  when  the  first 
sliver  of  the  new  moon  appeared  in  the  west 
after  sunset.  The  day  began  at  sunset.  The 
moon  was  associated  with  moisture  and 
- fertility  and  became  an  important  deity. 


The  five  planets,  and  especially  Venus 
(by  the  Assyrians)  were  observed  carefully. 
The  planets  seemed  to  wander  at  will  through 
the  heavens,  something  which  they  believed 
only  gods  could  do,  and  so  they  were  closely 
associated  with  gods.  Conjunctions  of  the 
planets  became  very  important  events.  Some 
have  suggested  that  the  names  of  the  days  of 
the  week  came  from  the  Mesopotamians. 

Each  of  the  deities  was  honored  on  a certain 
day  of  the  week.  Sun-day,  Mon  (moon) -day, 
Tues  (Mars) -day,  Woden  (Mercury) -day, 

Thor  (Jupiter) -day,  Frey  a (Venus) -day  and 
Satur  (Saturn) -day.  The  present  form  of  the 
names  is  Norse  but  they  came  originally  from 
the  Babylonians. 


One  of  the  problems  that  the  Babylonians 
worked  hard  to  solve  was  how  to  fit  the 
month  into  the  year.  The  month  on  the 
average  has  294  days  - an  awkward  figure. 
But  the  sun  and  the  moon  move  at  different 
apparent  speeds  at  different  times  of  the 
month  and  year.  By  years  of  patient  obser- 
vation and  calculation  the  Babylonians  drew 
up  complicated  tables  to  predict  when  and 
where  the  moon  would  appear.  In  fact  the 
Babylonians  were  best  at  observation  and 
calculation.  They  had  a good  knowledge  of 
mathematics  to  back  this  up. 


)3e0»nn/ng  oi" 

fY\oy\ih  ~ (ZVenincj 


Sun  ~ 

Mootn-  da^ 
Nars  - 

Marcctr^  - daj/' 
T(jLp(ter  - daj 
Venus  - da^ 
Saturn  ~ 
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As  a result  of  the  patient  observations  that 
went  into  these  tables,  the  Babylonians  were 
able  to  predict  eclipses,  especially  eclipses  of 
the  moon.  It  is  very  interesting  that  they  did 
not  have  any  theories  to  go  by  - only  long 
observations  made  over  hundreds  of  years. 


Tables  o-f  oy*»e.rvBt'tt> 

C3((ed 

-T  t - ma\re^  - T - d ee^J 


In  addition  they  made  some  interesting 
observations  of  planetary  motions.  The 
motions  of  the  planets  are  even  more  compli- 
cated than  those  of  the  sun  and  the  moon. 
Their  main  concern  was  to  be  able  to  predict 
the  ’’station"  or  position  of  a planet  for  a 
certain  time.  This  was  important  to  them 
because  they  believed  that  there  was  a power- 
ful connection  between  the  positions  of  planets 
and  events  in  the  lives  of  people. 


Pi lading  p/aneir 

st  ations 


Finally,  the  Mesopotamians  gave  us  the 
concept  of  the  zodiac.  The  movements  of  the 
sun  and  moon  can  best  be  observed  against 
the  background  of  the  stars.  Because  of  their 
interest  in  the  motions  of  the  sun  and  the 

moon  they  came  to  know  this  part  of  the  sky  The^  ^od/ao  and 

(covering  10®  on  either  side  of  the  ecliptic) 

very  well.  The  constellations  Taurus,  Gemini,  (£<,  comstellat  t ons 

Cancer,  Leo,  Virgo,  Libra,  Scorpio, 

Sagittarius,  Capricornus,  Aquarius,  Pisces 
and  Aries,  all  on  the  ecliptic,  were  named  as 
far  back  as  650  B.C. 


The  earliest  record  of  an  eclipse  was 
made  by  a Babylonian  in  2283  B.C.  By 
500  B.C.  a Babylonian  astronomer  had 
discovered  that  the  year  is  365  days  6 h 
15  min  41  s long  which  is  very  close  to  the 
correct  value. 


El  a r I iest"  ^c//  pse  recot 
Prs^Ciat  length  O-P 
side  re  a/  ^ e a r-  /s 
(oU  ^m\n\0s 


€ 


Physics  10 


17 


Lesson  llA 


What  instruments  were  used  by  the 
Babylonians?  The  first  and  most  important 
were  the  ziggurats  (mounds  of  earth  or 
pyramids).  Mesopotamia  is  largely  a flat 
country  with  few  natural  hills  or  high  points. 
The  Babylonians  solved  this  problem  by 
making  their  own.  The  ziggurats  were  com- 
bined temple-observatories  from  which  accurate 
observations  could  be  made.  They  were  laid 
out  by  observing  carefully  the  rising  and 
setting  of  the  equinoxes  (the  points  in  the  sky 
where  the  sun  is  located  March  20  and 
September  22). 


Another  instrument  used  by  the  Meso- 
potamians was  the  gnomon.  It  was  simply  a 
stick  placed  vertically  in  the  ground.  The 
length  of  its  shadow  at  noon  could  be  used  to 
determine  the  time  of  year.  The  direction  of 
the  shadow  indicated  the  time  of  day. 


gnomon 


Questions 

1.  At  what  time  of  the  day  is  the  sun  the  highest?  Do  not  look 
directly  at  the  sun. 


2.  You  may  have  noticed  that  the  sun  is  not  straight  south  at  12:00 
noon.  Why  do  you  think  this  is  so? 


3.  At  what  time  of  the  year  would  the  sun  be  highest  in  the  sky  at 
noon?  (Use  your  astrolabe  to  discover  this.  Turn  the  rete  until  the 
ecliptic  circle  is  closest  to  Z (zenith)  on  the  0 (south  line). 


4.  At  what  time  of  the  year  would  the  sun  be  lowest  in  the  sky  at 


noon ' 


(Ecliptic  circle  farthest  from  zenith  on  the  south  line) 


5.  When  the  sun  is  at  an  equinox,  how  high  in  the  sky  is  it  at  noon? 


Another  instrument  used  by  the  Mesopotamians 
was  the  polos.  It  was  a hollow  sphere  that  could 
catch  the  sun's  rays  on  its  surface.  The  path  of 
the  sun  was  traced  by  means  of  the  shadow  of  a 
bead  placed  at  the  centre  of  the  hemisphere. 

A fourth  instrument  was  the  clepsydra  or 
water  clock.  This  could  be  used  to  tell  time 
when  the  sun  was  not  shining. 
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The  number  system  of  the  Babylonians 
was  very  useM  in  their  astronomical  work. 

It  was  a sexigesimal  number  system  (based 
on  the  number  60).  This  number  works  well 
because  60  is  easily  divisible  by  2,  3,  4,  5, 
6,  10,  12,  15,  20,  and  30.  The  numbers  12 
and  24  are  closely  associated  with  the  sexi- 
gesimal system.  This  is  no  doubt  the  case 
because  a circle  can  easily  be  divided  into 
12  or  24  parts  simply  by  using  a straight 
edge 5 compass  and  the  radius  of  the  circle. 


syste  m 


V',^i  Sion  circle- 


The  use  of  the  sexigesimal  system 
accounts  for  the  fact  that  1 h = 60  min  and 
1 min  = 60  s.  Note  also  that  60  x 6 = 360, 
the  number  of  degrees  in  a circle. 

The  Chinese 

Astronomers  were  already  active  in  China 
before  the  time  of  Christ.  Eclipses  of  the 
moon  were  recorded  as  early  as  1216  B.C. 
Astronomy  was  a very  important  activity  of 
ancient  China  partly  because  the  emperor 
himself  was  considered  the  "Son  of  Heaven" 
and  partly  because  the  fortunes  of  government 
were  thought  to  rest  oa  observations  of  the  heavens. 
Astronomers  enjoyed  great  prestige  but  also 
were  given  great  responsibility. 

The  Chinese  were  especially  impressed 
with  the  motion  of  the  Big  Dipper  and  the  idea 
of  north  and  south.  They  divided  the  sky  into 
four  quarters  with  China  itself  at  the  centre 
as  "the  Middle  Kingdom." 

One  quite  original  contribution  to  obser- 
vational astronomy  was  made  by  the  Chinese. 

They  did  not  measure  times  of  rising  and 
setting  of  heavenly  bodies  as  the  Mesopotamians 
did.  Instead  they  noted  the  time  at  which  a 
star  crossed  the  meridian  - a line  which  runs 
from  directly  overhead  (the  zenith)  to 
straight  south.  This  may  have  come  about 
partly  because  of  their  interest  in  focussing 
attention  on  the  north-south  direction. 


NoriU  ” Somilry  Innpor 

to  ilnc  Ch)  nese. 

Zenith 
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By  using  the  meridian  the  Chinese  made 
observation  much  easier  because  when  a star 
is  on  the  meridian  it  is  as  high  in  the  sky  as 
possible  and  much  easier  to  see  than  when  it 
is  near  the  horizon.  By  using  this  system 
the  Chinese  were  in  effect  using  an  equatorial 
coordinate  system,  the  system  which  is  used 
today  in  astronomy  for  locating  celestial 
objects. 


observation 
(Sasier  tioan  horizon 
oh  ^ e vai"  i’  CO  n 


The  Equatorial  Coordinate  System 

When  you  go  outside  and  stand  on  a flat  level  piece  of  ground,  the 
sky  appears  as  a huge  inverted  "bowl".  If  you  extend  this  bowl  to  the 
other  side  of  the  earth  it  forms  a complete  sphere  around  the  flat  sur- 
face of  the  earth  on  which  you  are  standing.  Once  a day  this  complete 
sphere  seems  to  make  one  complete  rotation  about  the  place  where  you 
are  standing,  carrying  the  sun,  moon  and  stars  with  it.  It  appears  to 
rotate  around  the  pole  star,  Polaris. 


As  you  look  outward  you  can  see  the 
horizon,  the  line  along  which  the  earth  meets 
the  sky.  It  seems  to  form  a circle  all  the 
way  around  you.  If  you  extend  this  line 
into  the  bowl  of  the  sky  it  forms  the 
celestial  horizon.  This  is  the  line  along 
which  the  sun,  moon  and  stars  rise  and 
set.  The  point  straight  above  you  is  called 
the  zenith.  It  is,  of  course,  90®  from  all 
points  on  the  horizon.  The  line  which 
passes  through  the  zenith  to  the  south  point 
on  the  horizon  is  the  meridian. 


Suppose  that  there  is  a star  that  rises 
directly  east.  As  the  sky  bowl  turns,  the 
star  traces  a circle  through  the  sky  until  it 
sets  directly  west.  The  line  or  circle  that 
this  star  traces  is  called  the  celestial 
equator . It  continues  on  the  far  side  of 
the  earth  below  the  horizon.  Any  object 

(like  the  sun  on  March  20  or  September  22) 
that  rises  directly  east  or  sets  directly 
west  lies  on  the  celestial  equator.  This  is 
the^  zero  line  from  which  we  can  measure 
distances  up  and  down  in  the  sky.  Such 
measurements  are  called  declination. 


V 
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The  belt  of  Orion  has  a declination  of  about 
0®  because  it  is  on  the  celestial  equator. 
Polaris  has  a declination  of  90®.  The  zenith 
for  Edmonton  has  a declination  of  about  54® 
(the  same  as  the  latitude  of  Edmonton). 


To  measure  distances  around  the  bowl  of 
the  sky  we  use  right  ascension.  The  zero 
point  is  on  the  celestial  equator.  It  is  called 
the  first  point  of  Aries  or  y.  It  is  the  place 
which  the  sun  occupies  in  the  sky  on  March 
20  every  year.  It  is  the  spring  equinox.  n 
Right  ascension  is  usually  measured  in  hours 
and  it  is  measured  to  the  left  of  y . This 
point,  of  course,  appears  to  move  around  the 
earth  just  like  a star  would.  To  locate  y in 
the  sky  find  the  Great  Square  of  Pegasus 
(see  Lesson  lOA,  Section  I,  page  7).  Follow 
the  two  stars  on  the  east  side  of  the  Square 
south  a distance  about  equal  to  that  between 
the  stars.  You  will  come  very  close  to  y; 


ccl i nat  ion  - di  s^sn 
3 bo\/e  or  be/oto 
cd^si  i ^ I e^^^tor 


Polaris 


W 


/ 


OCAnd 


<5* 


We  have  now  become  acquainted  with  the 
celestial  north  pole  (Polaris)  and  the  celestial 
equator.  Where  does  the  ecliptic  (the  path  of 
the  sun  among  the  stars)  fit  in  the  picture? 
There  are  two  times  during  the  year  when  the 
sun  rises  straight  east  and  sets  straight  west. 
Thus,  the  sun  is  on  the  celestial  equator  two 
times  a year.  This  means  that  the  ecliptic 
crosses  the  celestial  equator  twice.  Note  that 
as  the  celestial  equator  turns  about  the  axis 
to  Polaris,  the  ecliptic  wobbles  up  and  down. 


Great 

Square 

of 

Pegasus 


-<s>^ 

1 


(First  Point  of  Aries^ 


.^Polaris 


The  photograph  on  page  20  shows  a model 
of  a celestial  sphere.  There  is  a ball  at  the 
centre  to  represent  the  earth.  Study  the 
photograph  carefully,  noting  all  of  the  parts 
that  we  have  studied  above. 
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Careful  observations  of  the  sun  revealed  to  Indian  astronomers  that 
the  equinoxes  move  through  the  heavens  very  slowly  over  the  centuries. 
Indian  astronomers  were  also  able  to  calculate  that  the  distance  to  the 
moon  is  64rj  times  the  radius  of  the  earth. 


There  were  two  important  instruments  in  Indian  astronomy  - the 
gnomon  and  the  armillary  sphere. 


In  the  18th  century  an  Indian  astronomer,  Jai  Singh  II,  built  a huge 
naked  eye  observatory.  He  realized  that  the  bigger  the  instruments 
were  the  more  accurate  the  measurements 
would  be.  Thus  his  gnomon  was  a huge 
triangle  17  m high.  An  arc  was  constructed 
under  the  triangle  to  measure  the  position  of 
the  gnomon's  shadow.  In  additon  Singh  con- 
structed a huge  bowl  on  which  were  marked 
celestial  latitude  and  longitude.  A small  pin- 
hole in  a metal  disc  formed  the  sun's  image 
on  the  bowl's  surface.  The  movement  of  this 
image  could  then  be  used  to  trace  the  sun's 
movement.  Singh's  purpose  in  building  the 
observatory  was  to  improve  the  Indian  calendar, 
but  the  project  was  not  finished. 

The  Mayas 

The  Mayas  were  an  ancient  Indian  culture 
which  occupied  the  Yucatan  peninsula  in  Mexico 
up  until  the  time  of  the  Spanish  conquest  by 
Cortez  in  1697.  The  Mayan  culture  had  lasted 
for  3700  years. 


The  contributions  of  the  Mayas  did  not 
have  a direct  influence  on  the  development  of 
modern  astronomy.  This  was  because  of  the 
isolation  of  the  Mayas  from  the  rest  of  the 
world.  They  are  worth  considering,  however, 
if  only  because  their  accomplishments  are  so 
remarkable. 

They  are  known  for  two  outstanding 
achievements  - a number  system  and  a 
detailed  and  accurate  calendar. 


Jai  Obsc4Tv^atoi^ 
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Their  number  system  is  unusual  for  two 
reasons.  First  they  used  a symbol  for  zero 
and  they  used  it  well  before  the  time  the 
Arabs  began  using  zero.  This  was  a real 
breakthrough  for  doing  calculations. 

Imagine  what  it  would  be  like  to  multiply 
with  Roman  numerals.  Secondly,  the  number 
system  was  based  on  the  number  20  (total 
number  of  fingers  and  toes)  instead  of  10. 

The  Mayan  calendar  was  also  quite 
unusual.  The  year  was  divided  into  18  months 
of  20  days  each  with  5 extra  days  to  complete 
the  365  day  year.  They  also  had  a sacred 
year  of  260  days.  By  using  their  calendar  and 
number  system  they  determined  the  orbit  of 
Venus  quite  accurately.  They  also  discovered 
that  81  lunations  (months)  = 2392  days.  This 
gives  29.530  86  days  per  month  - very  close 
to  the  accepted  value  of  29.530  59  days  per 
month.  All  this  must  have  been  done  over 
many  hundreds  of  years  of  patient  observation 
for  they  did  not  have  extremely  accurate 
tools.  Perhaps  their  pyramids,  which  served 
as  combination  temple -observatories,  were 
their  best  tools. 

For  the  Mayas  the  calendar  almost 
became  an  object  of  worship.  Their  whole 
pattern  and  cycle  of  life  was  organized 
around  the  calendar.  They  celebrated  this 
in  their  art,  their  architecture  and  their 
public  life. 


In  addition  to  what  we  have  just  mentioned, 
the  Mayas  had  names  for  Venus,  the  north 
star,  the  Pleiades,  Scorpio,  Gemini  and 
Ursa  Minor  (the  Little  Dipper).  They  were 
especially  interested  in  Venus  because  they 
believed  that  Venus,  as  a morning  star, 
meant  evil  for  them  - thus  they  had  some 
concern  for  predicting  its  behavior. 


Because  of  their  isolation  the  Mayan 
discoveries  and  inventions  did  not  directly 
influence  the  history  of  astronomy.  They  do 
illustrate,  however,  what  sorts  of  discoveries 
are  possible  through  patient  and  extended 
observation  of  the  movements  of  heavenly 
bodies. 


The  /^ajas 
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Questions 


1.  The  movements  of  the  bodies  visible  in  the  sky  were  helpful  for 
ancient  man  for  two  kinds  of  measurement.  What  were  they? 

(a)  latitude  and  longitude 

(b)  distances  to  the  sun  and  moon 

(c)  time  and  direction 

(d)  altitude  and  distances  on  the  earth’s  surface  


2.  What  was  the  dominant  feature  of  the  sky  to  an  Egyptian 
astronomer -priest  ? 

(a)  Sirius 

(b)  the  sun 

(c)  the  moon 

(d)  the  five  visible  planets 

3.  As  a result  of  this  dominant  feature  what  measurement  did  the 
Egyptians  know  best? 

(a)  length  of  the  year 

(b)  length  of  the  day 

(c)  length  of  the  month 

(d)  period  of  Venus  

4.  For  the  Mesopotamians  the  dominant  feature  of  the  sky  was  the 
motion  of 

(a)  the  moon. 

(b)  the  sun. 

(c)  Jupiter. 

(d)  Venus.  


5.  What  ancient  observation  would  likely  have  contributed  directly  to 
the  discovery  of  north  as  a direction? 

(a)  the  year-round  visibility  of  the  Big  Dipper 

(b)  the  rising  and  setting  of  the  sun 

(c)  the  path  of  the  sun  through  the  stars 

(d)  the  rising  and  setting  of  bright  constellations  like 
Orion 


6.  The  Chinese  placed  a great  deal  of  emphasis  on 

(a)  the  rising  and  setting  of  the  sun. 

(b)  the  path  of  the  moon. 

(c)  the  altitude  of  stars  above  the  horizon. 

(d)  eclipses. 

(e)  the  north-south  direction. 
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7.  Briefly  describe  the  difference  between  the  Babylonians  and  the 
Egyptians  in  how  they  felt  about  the  world. 


8.  Of  the  following  groups  of  people:  Chinese,  Egyptian,  Indian,  and 
Mesopotamian  name  the  one  responsible  for  the  following  contri- 


buttons . 

(a) 

armillary  sphere, 
co-ordinate  system 

mechanical  clock,  equitorial 

(b) 

sundial,  merkhet. 

365  day  year 

(c) 

gnomon,  armillary 
equinoxes 

sphere,  motion  of 

(d) 

eclipse  predictions,  zodiac,  gnomen 

9.  The  Mayas  developed  a very  accurate  and  detailed  calendar.  Why 
did  it  not  become  a part  of  our  present  knowledge  of  astronomy? 


Physics  10 


- 26  - 


Lesson  llA 


How  Can  We  Explain  the  Motions  in  the  Heavens? 

Up  to  this  point  we  have  become  acquainted 
with  some  of  the  stars  and  constellations  of  the 
night  sky.  We  have  also  learned  of  some  of 
the  motions  of  the  sun,  the  planets  and  the 
moon.  How  can  we  understand  these  motions? 

A picture  or  machine  or  mechanical  device 
that  helps  to  explain  something  in  the  natural 
world  is  called  a model.  We  are  looking  for 
a model  that  will  help  us  understand  and 
account  for  the  various  motions  that  we 
observe.  A good  model  can  be  used  not 
only  for  explaining  motion  but  for  predicting 
the  position  of  a heavenly  body  in  the  future. 


I 


Models  - expla'm  a^d 
predict  | 

plne^^o  a 


The  first  people  to  seriously  search  for 
such  models  were  the  Greeks.  But  before 
we  examine  their  contributions  to  astronomy 
let  us  recall  some  of  the  motions  of  heavenly 
bodies  that  we  must  account  for: 


1.  The  daily  apparent  rotation  of  the  sky 
around  the  earth. 

2.  The  monthly  cycle  of  the  moon's  phases. 

3.  The  slow  motion  eastward  of  the  sun 
among  the  stars  - one  time  around  every 
year. 

4.  The  movement  of  the  sun  from  high  up  in 
the  sky  in  summer  to  low  in  winter. 

5.  The  uneven  motion  of  the  planets  or 
wanderers  through  the  sky  against  the 
background  of  the  stars. 

6.  The  loops  that  the  planets  appear  to 
describe  from  time  to  time. 

7.  The  change  in  brightness  of  the  planets 
as  they  move  through  the  skies.  At 
opposition  or  inferior  conjunction  the 
plants  appear  brighter  than  near  con- 
junction or  superior  conjunction. 


I 

r onon^  I ca  I 
^videmce,  'bl^at'  a 
iryiod&l 
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A good  model  will  account  well  for  all  of 
these  motions.  Also,  a good  model  will 
account  for  the  motions  in  a reasonably  simple 
way  and  it  will  agree  reasonably  well  with  the 
observed  data. 

The  Greeks 


Greek  civilization  came  to  a peak  about 
600  B.C.  and  stood  on  the  shoulders  of  the 
civilizations  like  those  of  Egypt  and  Mesopota- 
mia that  had  gone  before.  For  example  the 
Greeks  got  much  of  their  geometry  from 
Egypt  and  much  of  their  astronomical  know- 
ledge and  observations  from  the  Assyrians 
and  Babylonians.  The  Greeks  for  the  most 
part  were  thinkers,  rather  than  doers.  They 
tended  to  look  down  upon  the  menial  tasks  of 
the  hands  but  rather  emphasized  the  mental 
activities  of  the  intellect.  Thus  the  Greeks 
made  their  main  contributions  in  thinking 
about  the  world  rather  than  observing  it. 

There  were  of  course  the  usual  few  exceptions. 
One  late  Greek  astronomer  made  some 
excellent  observations  of  a large  number  of 
stars.  But  the  main  emphasis  was  on  ideas, 
so  it  is  not  surprising  that  the  first  notions 
about  the  earth  being  round  and  the  earth 
moving  came  from  the  Greeks. 

As  we  study  each  Greek  thinker  we  shall 
try  to  describe  and  define  what  model  he  was 
using  and  what  he  was  trying  to  account 
for  with  the  model. 

The  earliest  Greek  astronomers  of  about 
600  B.C.  were  those  who  had  direct  contact 
with  the  Babylonians  and  the  Egyptians. 

One  of  them  was  Anaximander.  In  his  day 
people  thought  of  the  earth  as  a flat  disc  with 
the  sky  arching  overhead.  Anaximander 
decided  that  this  view  could  not  be  correct. 
First  he  knew  that  the  Big  Dipper  never  went 
below  the  horizon.  But  his  teacher,  Thales, 
who  had  visited  Egypt  said  that  from  there  , 
parts  of  the  Dipper  did  actually  go  below  the 
horizon.  If  the  earth  is  flat,  thought 
Anaximander,  you  should  be  able  to  see 
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the  Big  Dipper  above  the  horizon  anjrwhere. 
What  model  would  account  for  the  apparent 
shift  of  the  Dipper's  position?  The  only  one 
he  could  think  of  is  that  the  earth  is  round 
and  if  you  go  far  enough  south  on  this  round 
surface  it  will  eventually  hide  the  Dipper  from 
view. 

Questions 

1.  What  observations  did  Anaximander 
require  an  explanation  for? 


2.  What  model  did  Anaximander  propose  to 
account  for  these  observations? 


3.  If  we  accept  this  model  of  the  earth,  what 
can  we  predict  about  the  visibility  of  the 
Big  Dipper  if  we  go  far  enough  south? 


Anaximander's  model  suggested  that  both 
the  sky  and  the  earth  are  spheres.  This  was 
difficult  for  most  people  at  the  time  to  accept. 
For  one  thing  the  earth  does  not  look  that  way 
from  a one-observer  perspective.  Secondly 
if  the  earth  is  round  why  don't  we  fall  off? 
What  keeps  the  oceans  in  place?  These 
objections  illustrate  well  that  a model  may 
often  solve  one  problem  but  create  others. 


Big  Dipper  Visible 


Big  Dipper  Invisible 


Obser/aiion 


Model 
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Pythagoras  was  another  Greek  who  lived 
about  100  years  after  Anaximander.  He  was 
not  content  with  just  one  sphere  to  represent 
the  earth  but  he  enriched  Anaximander’s 
model  by  assigning  a sphere  to  each  of  the 
heavenly  bodies.  There  was  a set  of  nine 
spheres  fitted  inside  each  other  — one  each 
for  the  sun  and  moon,  five  for  the  five  planets, 
one  for  the  stars  and  an  outermost  sphere 
which  provided  the  motive  power  for  the 
others.  As  the  spheres  moved  about  within 
each  other  they  produced  sounds  which  only 
the  most  alert  could  hear.  Here  was  born 
the  idea  of  the  "music  of  the  spheres". 

Thus  Pythagoras  used  both  spherical  geometry 
and  music  to  try  to  explain  the  universe. 

Later  a man  called  Eudoxus  tried  to  improve 
upon  Pythagoras’  model  by  adding  several 
more  spheres  for  each  planet.  These 
spheres  turned  about  various  axes  in  various 
directions  to  give  the  motions  of  the  planets. 
This  was  to  account  for  many  of  the  com- 
plications in  the  motions  of  the  planets. 

The  first  man  that  we  know  of  to  suggest 
that  the  earth  moves  was  Philolaus.  He 
supposed  that  this  motion  took  place  around 
a central  fire  (not  the  sun).  The  central 
fire  was  invisible  because  it  was  always 
turned  away  from  the  Greece- side  of  the  earth. 
This  notion  was  quite  fanciful  but  it  did  con- 
tain the  important  new  idea  about  the  motion 
of  the  earth. 

Aristotle  (384  B.C.  - 322  B.C.)  was  the 
most  famous  of  the  ancient  Greek  philosophers. 
His  ideas  were  held  in  high  respect  for 
hundreds  of  years  even  though  many  of  them 
in  the  area  of  physics  have  since  been  super- 
seded by  more  adequate  conceptions.  He  did, 
however,  propose  an  accurate  explanation  of 
the  phases  of  the  moon  and  of  eclipses. 

These  explanations  depend  on  a number  of 
ideas  which  were  not  common  in  that  period. 

He  proposed  that  the  moon  was  a sphere 
which  revolved  around  the  earth  so  that  it 
passed  between  the  earth  and  the  sun  and 
that  the  moon  shone,  not  by  its  own  light, 
but  by  reflected  sunlight. 
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Aristotle  also  supported  the  idea  that  the 
earth  was  a sphere  on  the  basis  of  the 
observation  that  the  shadow  of  the  earth 
during  an  eclipse  is  circular. 

He  also  entertained  the  idea  that  the 
earth  goes  around  the  sun.  But  he  rejected 
it  because  he  argued  that  as  the  earth  moved, 
the  stars  would  change  their  apparent 
direction.  He  was  not  able  to  see  that  they 
did.  Aristotle,  of  course,  had  no  idea  of 
how  far  it  is  to  the  nearest  stars,  nor  for 
that  matter,  how  far  away  the  sun  and  moon 
are. 

For  the  most  part  the  Greeks  in  this 
early  period  were  thinkers,  interested  in 
ideas  rather  than  practical  skills  or 
observation.  Later  in  the  period  beginning 
about  250  B.C.  a change  began  to  take  place. 
Euclid*  s geometry  in  a way  combined  the 
skills  of  thinking  and  doing.  It  would  later 
prove  very  important  as  a tool  for  both 
observing  and  explaining  the  motions  of  the 
heavens . 

Aristarchus  of  Samos  lived  during  this 
period.  He,  like  Philolaus,  suggested  that 
the  earth  might  be  in  motion.  In  fact,  he 
thought,  you  could  explain  the  sky  move- 
ments if  you  had  the  earth  going  around  the 
sun  once  a year.  This  would  explain  the 
apparent  motion  of  the  sun  through  the  stars. 
In  addition,  if  you  had  the  earth  turning  about 
its  axis  you  would  have  a good  way  to  explain 
the  rising  and  setting  of  heavenly  bodies 
once  every  day. 

One  objection  to  this  is  that  if  the  earth 
moved,  the  stars  should  change  their  apparent 
directions  from  each  other  as  seen  from 
earth.  To  overcome  this,  Aristarchus 
proposed  that  the  fixed  stars  were  very  far 
away  and  thus  direction  change  is  very  small. 
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Though  all  three  of  these  proposals  are 
part  of  our  present  understandings  of  the 
universe,  they  were  not  accepted  in 
Aristarchus’  time.  Gradually  an  earth-centered 
view  of  the  universe  won  out  and  held  sway 
for  over  1500  years. 


Questions 


1 , Match  the  following  features  of 
Aristarchus'  model  of  the 
universe  with  the  observations 
that  each  of  these  features 
explained . 


(a)  The  earth  moves 

around  the  sun  once 
a year. 


(b)  The  earth  turns 
on  its  axis 
once  a day. 


(c)  The  stars  are 
very  far  away. 


______  This  explains  the 

apparently  stationary 
position  of  the  stars. 

This  explains  the 

daily  rising  and  setting  of 
heavenly  bodies. 

This  explains  the 

apparent  motion  of  the  sun 
among  the  stars. 
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2.  Plato  and  Aristotle  believed  that  the  sphere  of  the  stars  turned 
around  the  earth  once  a day.  On  the  basis  of  Aristarchus*  model 
what  would  you  predict  about  the  motion  of  the  stars? 


3-  Name  one  of  the  motions  listed  on  page  26  which  Aristarchus* 
model  does  not  yet  explain. 


Aristarchus  also  made  the  first  objective  measurement  of  heavenly 
bodies.  He  did  this  by  observing  how  long  it  took  the  moon  to  move 
from  first  quarter  to  third  quarter.  In  effect  he  was  measuring  twice  the 
angle  A shown  in  the  figure  below. 


Aristarchus'  Method  for  Measuring  Distances  to  the  Sun  and  Moon. 


1st  quarter 


3rd  quarter 
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If  you  know  the  two  angles  of  a triangle  you  then  are  able  to 
compare  the  lengths  of  the  sides.  This  is  what  Aristarchus  did.  As 
it  turned  out  there  were  quite  a few  errors  in  his  measurements. 

Angle  A is  very  small  (about  4“)»  sind  difficult  to  measure.  He  showed, 
however,  that  this  calculation  was  a possible  way  of  measuring  distances. 

Another  Greek  who  lived  shortly  after  Aristarchus  was  Eratosthenes 
who  was  the  first  man  to  measure  the  circumference  of  the  earth.  He 
did  this  by  noting  that  at  noon  on  June  21  at  Syene  in  South  Egypt  the 
sun  shone  directly  down  a deep  well.  At  the  same  time  in 
Alexandria  in  northern  Egypt  the  sun  cast  a shadow  from  the  vertical. 
He  assumed  the  sun’s  rays  were  parallel.  This  is  valid  if  the  sun  is 
very  far  away. 


Eratosthenes’  Measurement  of  the  Earth 


7_i«  I 

The  distance  between  Syene  and  Alexandria  is  therefore  ^ = — 

obO  50 

of  the  total  distance  around  the  earth.  The  distance  around  the  earth 
by  Eratosthenes'  calculation  was  therefore  50  x 5000  stades  = 250  000 
stades. 


We  are  not  sure  of  the  size  of  the  stade  that  Eratosthenes  used. 
His  final  result  may  have  been  from  less  than  1%  error  to  as  much  as 
17%  error. 
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Lesson  Summary 

Astronomy  is  first  of  all  an  activity  of  people  with  personalities, 
skills  and  ideas.  Many  ancient  astronomers  had  to  have  patience,  long 
training  and  devoted  interest  to  learn  what  they  did  about  the  heavens. 
Some  ancient  astronomers  were  held  in  high  honor,  as  the  astronomer 
priests  of  Babylon  and  the  astrologers  of  China.  Others  had  to  have 
rare  courage  to  do  something  that  was  quite  unpopular  at  the  time.  Some 
of  them  were  geniuses  - others  simply  careful  and  patient  observers. 

But  one  thing  they  all  had  in  common  was  respect  for  and  overwhelming 
interest  in  the  movements  in  the  skies  and  what  they  meant.  They  share 
that  with  us  who  in  the  twentieth  century  are  trying  to  understand  more 
of  what  they  learned.  We  are  dependent  on  them  because  they  began  and 
gradually  increased  the  observations  and  knowledge  that  are  available  to 
us  today. 

Many  kinds  of  motion  were  observed  - the  daily  apparent  rotation 
of  the  sun,  m*oon  and  stars  around  the  earth,  the  path  of  the  sun  through 
the  stars  in  the  course  of  the  year,  the  irregular  motions  of  the  planets, 
the  shift  of  the  First  Point  of  Aries  (spring  equinox)  through  the  centuries, 
the  eighteen- year  pattern  of  the  moon's  motion  and  its  relation  to  eclipses. 
They  not  only  observed  these  motions,  but  also  found  patterns  in  them. 

The  astrolabe  is  an  ancient  instrument  that  can  be  used  as  a model 
to  represent  the  motions  of  the  stars,  sun  and  planets.  It  is  the 
projection  of  a sphere  on  a flat  surface. 

The  Egyptians  made  their  greatest  contribution  in  observing  the  sun 
since  the  sun  dominates  the  sky  in  Egypt.  They  used  gnomons  and  sun 
shadows  to  observe  the  sun's  motions. 

The  Mesopotamians  focussed  attention  on  the  motions  of  the  moon 
and  the  planets.  The  month  became  the  standard  of  time. 

The  Chinese  gave  us  the  equatorial  system  of  coordinates  and  the  use 
of  the  meridian  for  observing  stars.  This  system  uses  the  celestial 
equator  as  a baseline  for  measuring  declination  in  degrees  and  the  First 
Point  of  Aries  (spring  equinox)  as  the  starting  point  for  measuring  right 
ascension  in  hours. 

The  Indian  astronomers  observed  the  precession  of  the  equinoxes  (the 
slow  movement  of  the  equinoxes  through  the  sky  over  centuries). 

The  Mayas  used  a symbol  for  zero  and  made  some  very  accurate 
observations  of  the  planet  Venus.  They  also  designed  a very  accurate 
calendar. 

The  Greeks  were  the  first  to  set  forth  models  for  understanding  the 
motions  observed  in  the  sky.  Some  proposed  a round  earth,  others  the 
rotation  and  revolution  of  the  earth.  The  early  Greeks  emphasized 
thinking  as  opposed  to  practical  observations  and  skills. 
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Questions 

1.  For  the  Egyptians  the  most  important  heavenly  body  was 

(a)  the  moon. 

(b)  Venus. 

(c)  the  sun. 

(d)  Mercury. 

2.  In  Mesopotamia,  time  was  measured  primarily  by 

(a)  Venus  and  Mars. 

(b)  the  moon. 

(c)  precession  of  the  equinoxes. 

(d)  the  sun. 

3.  For  Egyptian  time  keeping^ the  most  important  star  was 

(a)  Venus. 

(b)  Capella. 

(c)  Polaris. 

(d)  Sirius. 

4.  The  most  important  single  event  in  the  Egyptian  year  is 

(a)  the  flooding  of  the  Nile. 

(b)  the  sun  entering  the  spring  equinox. 

(c)  the  eclipse  of  the  moon. 

(d)  the  time  of  the  shortest  sundial  shadow. 

5.  A major  timekeeping  problem  for  all  ancient  peoples  but 
especially  the  Mesopotamians  was 

(a)  the  uneven  length  of  the  year. 

(b)  the  uneven  number  of  months  in  a year. 

(c)  the  apparent  speed  change  of  the  sun  through 
the  stars  throughout  the  year. 

(d)  irregular  motions  of  the  planets. 

6.  The  number  system  that  we  use  in  measuring  angles  and 
time  came  from 


(a) 

the 

Egyptians. 

(b) 

the 

Arabs. 

(c) 

the 

Babylonians. 

(d) 

the 

Chinese. 

Physics  10 


- 36  - 


Lesson  llA 


7.  The  equatorial  system  of  locating  stars  comes  from  measuring 

(a)  a star's  passage  across  the  meridian. 

(b)  a star's  time  of  setting  or  rising. 

(c)  a star's  disappearance  behind  the  sun. 

(d)  the  occultation  (eclipse)  of  a star  by  the  moon.  _ 


8.  Which  of  the  following  is  a Chinese  contribution  to  modern 
astronomy? 

(a)  the  gnomon 

(b)  the  sundial 

(c)  the  merkhet 

(d)  the  mechanical  clock 


9.  A most  important  contribution  of  the  Greeks  to  astronomy  was  in 


(a) 

mathematics . 

(b) 

astronomical 

instruments . 

(c) 

observatories 

. 

(d) 

astronomical 

measurements . 

10.  Why  did  men  like  Aristotle  reject  the  idea  of  the  motion  of  the 
earth? 
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11.  Match  the  following  discovery  (or 
was  first  associated  with  it  (do  c 
referring  to  the  lesson  notes): 

earth's  circumference 

spherical  earth 

music  of  the  spheres 

motion  of  the  earth 

sun-centered  universe 

complete  geometry 

phase  of  the  moon 


model  or  idea)  with  the  man  who 
s many  as  you  can  without 

A.  Plato 

B.  Philolaus 

C.  Aristotle 

D.  Thales 

E.  Pythagoras 

F.  Anaximander 

G.  Euclid 

H.  Aristarchus 

I . Eratosthenes 


12.  In  the  winter,  constellations  not  seen  in  the  summer  sky  become 
visible.  Why  is  this  so? 


13.  How  many  minutes  does  it  take  for  the  sun  to  appear  to  move  1° 

through  the  sky?  (Remember  that  the  sun  appears  to  move  through 
360°  in  24  h). 


14.  How  many  degrees  does  the  moon  move  through  in  one  day?  (The 
moon  completes  one  revolution  around  the  earth  against  the  back- 
ground of  the  stars  in  27.13  days.) 


End  of  Lesson  llA 
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FROM  PTOLEMY  TO  GALILEO 

An  Ancient  Greek  Astronomer 

The  greatest  observational  astronomer  of 
ancient  Greece  was  Hipparchus.  He  was  in  one 
sense  the  first  truly  modern  astronomical 
observer.  When  he  was  a young  man  he  observed 
a very  unusual  sight.  A star  appeared  where 
none  had  been  before.  What  he  saw  must  have 
been  what  we  today  call  a nova,  or  star 
explosion.  Hipparchus  may  have  checked  some 
of  the  records  of  the  past  to  see  if  this  star  had 
been  seen  in  earlier  ages.  This  search  must 
have  left  him  dissatisfied  because  he  decided  that 
he  would  make  a catalogue  of  the  stars.  In  order 
to  locate  them  he  carefully  measured  celestial 
latitude  and  longitude  for  850  stars.  To  identify 
them  even  better  he  classified  the  stars  according 
to  brightness  or  magnitude.  There  were  six 
magnitudes  in  all.  We  still  use  this  method  in 
modern  astronomy  (see  Lesson  lOA,  page  25). 

Hipparchus  also  searched  through  records  of 
the  past  to  try  to  detect  slow  changes  in  the 
heavens  that  could  not  be  seen  in  one  man's 
lifetime.  Out  of  this  study  he  discovered  that  the 
north  celestial  pole  is  slowly  moving  in  a circle 
through  the  sky.  He  also  made  observations  that 
he  himself  could  not  use  but  which  might  be  used 
by  later  astronomers.  He  gave  special  attention 
to  observing  the  planets. 

To  make  it  easier  to  work  with  the  "skinny 
triangles"  of  astronomy,  Hipparchus  either 
developed  or  invented  some  elementary  forms  of 
trigonometry.  This  is  the  branch  of  mathematics 
which  makes  it  possible  to  solve  triangles  by 
using  tables  and  calculations  instead  of  diagrams. 

Finally  Hipparchus  designed  his  own  model 
to  explain  the  motions  of  the  heavens.  He  had 
observed  that  the  sun  appears  to  move  faster 
through  the  sky  at  one  time  of  year  than  another. 
He  also  noted  that  the  diameter  of  the  sun 
changed  slightly  throughout  the  year.  To  account 
for  this  he  suggested  that  the  sun  moved  around 
the  earth  in  an  eccentric  path. 
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This  means  that  the  sun  moves  in 
a circle  whose  centre  is  not  at  the 
earth  but  slightly  to  one  side. 

When  the  sun  is  closest  to  the  earth 
at  A,  it  appears  largest.  Also  when 
it  is  closest  to  the  earth,  it  moves 
the  fastest.  He  was  also  able  to 
predict  an  eclipse  of  the  moon  to 
within  about  an  hour  of  the  time  it 
actually  occurred. 


✓ 

/ 

/ 

/ 

/ 


Hipparchus'  model  worked  well  ' 
for  the  sun,  less  well  for  the  moon,  ^ 
but  not  at  all  for  Mars.'  This  must  \ 

have  disturbed  him  so  much  that  he  \ 

gave  up  trying  to  explain  the  planet's 
motions.  Instead  he  simply  tried 
to  make  accurate  observations  for 
future  astronomers.  His  labors 
seemed  only  to  make  it  less,  not 
more,  possible  to  explain  the  workings 
of  the  universe. 


Centre  of 
Sun’s  Path 


\ 

a1 

/ 
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/ 

/ 
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Hipparchus’  Model 


Hipparchus'  observations  and  ideas 
served  as  a solid  base  for  a later 
astronomer  whose  ideas  and  models  were 
to  dominate  astronomy  for  hundreds  of 
years.  Ptolemy  ( 80  ?-160  ?A.D. ) brought 
together  previous  observations  and  formu- 
lated a new  model  of  the  earth- centred 
universe.  There  is  some  question  about 
whether  Ptolemy  really  did  accomplish  all 
that  is  ascribed  to  him.  Some  suggest  that 
a good  bit  of  fraud  was  involved.  Yet  the 
model  that  is  attributed  to  him  was  the 
standard  under  standing  of  the  motions  of 
the  heavens  for  many  years. 

Ptolemy's  biggest  contribution  was  a 
book  of  13  volumes  called  the  Almagest 
(Arabic  meaning: "Great  Book").  In  this 
book  he  explores  the  whole  range  of 
astronomy  of  his  day.  He  ends  the  book 
by  proposing  a model  to  explain  the 
motions  of  the  planets.  This  book  is  very 
important  because  it  was  the  last  word  in 
astronomy  for  1400  years  up  until  about 
1500  A.D. 


pparchu.S^  mode,!  CJor^ 
poorly  for  -the  planets 

Ptoleirrij^S  inodel  CJ3S 
based  on  {4) p 


The  had  as 

its  original  iritle. 
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Ptolemy  relied  a great  deal  on  previous 
observers,  especially  Hipparchus.  He 
added  another  300  stars  to  Hipparchus' 
list  of  850.  He  is  purported  to  have  made 
many  observations  of  his  own  especially 
with  an  instrument  called  the  armillary 
astrolabe.  With  this  instrument  he 
discovered  two  very  small  variations  in  the 
moon's  motion  called  evection  and 
nutation. 

The  most  outstanding  part  of  Ptolemy's 
work  was  his  mathematics.  He  improved 
the  trigonometry  of  the  day  to  use  in  his 
model  of  the  universe.  The  task  was  to 
fit  the  tables  of  observation  into  a set  of 
circles  that  would  explain  and  predict  the 
motions  of  the  planets.  The  idea  that 
circles  must  be  used  came  from  an 
earlier  time  in  Greece,  the  time  of  Plato 
and  Aristotle  who  believed  that  the  circle 
is  the  most  perfect  and  pleasing  shape. 

To  their  minds, the  heavens  were  bound  to 
show  this  perfection.  The  challenge  to  any 
astronomer  was  to  find  what  combination  of 
perfect  circles  could  reproduce  and  predict 
the  observed  motions  of  the  heavenly 
bodies. 

Ptolemy  began  his  work  with  three 
major  ideas:  the  heavens  are  a sphere; 

the  earth  is  a sphere;  and  the  earth  is  at 
rest  at  the  centre  of  the  universe.  He 
rejected  Aristarchus'  idea  that  the  earth 
goes  around  the  sun  for  several  reasons: 
all  heavy  objects  tend  to  move  to  the 
centre  of  the  earth;  if  the  earth  moved, 
one  should  be  able  to  see  its  effects  on 
objects  moving  through  the  air  (instead 
of  falling  straight  down  they  should  fall 
sideways);  and  if  the  earth  moved,  one 
should  be  able  to  see  the  stars  change 
their  positions  (they  do  not  appear  to  do 
so). 


Pio/ern^  purportedly 
diScD/ereci  e/ection  and 

y\ut  3,-b'i  Oin  in  hnoorS 

iry\  oil  I on 


Piolcm^  used 
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One  of  the  major  problems  in  explaining 
the  motions  of  the  heavens  is  the  uneven 
way  in  which  the  planets  and  the  sun  appear 
to  move  around  the  earth.  The  sun  appears 
to  move  through  the  stars  faster  at  some 
times  of  the  year  thain  at  others.  Hipparchus 
explained  this  by  using  an  eccentric.  This 
worked  out  quite  well  for  the  sun  but  not 
for  the  planets.  The  planets  not  only 
appear  to  move  at  different  speeds,  they 
also  appear  to  move  backwards  in  the  sky. 
Hipparchus  did  not  try  to  explain  this  but 
Ptolemy  did.  He  borrowed  an  idea  from 
an  earlier  astronomer  Apollonius  (about 
200  B.C.)  who  first  used  the  terms 
parabola,  ellipse  and  hyperbola  to  describe 
the  conic  sections.  These  are  called 
conic  sections  because  they  can  be  formed 
by  cutting  a cone  in  a particular  way. 

Apollonius  suggested  two  ways  of 
explaining  a planet’s  motion.  One  was  to 
use  the  eccentric  orbit  (see  page  2, 

Lesson  12A)o  The  other  explanation  used 
an  epicycle  and  deferent.  By  the  latter 
explanation,  a planet  moved  in  a small 
circle  called  an  epicycle.  The  centre  of 
this  small  circle  then  moved  around  in  a 
larger  circle  (the  deferent)  with  the  earth 
at  its  centre. 


Proble.  “ the. 

apparent  of” 

the.  plan&ts  snA  sur 


parabola 


ellipse 


hyperbola 
Conic  Sections 


In  many  ways  this  model 
worked  well  because  it  helped 
explain  two  observed  facts:  (1)  the 
apparent  backward  (retrograde) 
motion  of  a planet;  (2)  the  change 
in  brightness  of  a planet  as  it 
moves  along  its  orbit. 

But  even  this  was  not  good 
enough.  It  could  not  predict  future 
positions  of  the  planet  accurately. 
Ptolemy  had  to  make  a further  change 
He  placed  the  deferent  centre  to  one 
side  of  the  earth  (thus  the  deferent 
became  an  eccentric). 


deferent 


Planet 


Centre  of 
epicycle 
moves  around 
the  earth 


Apollonius’  Model 
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He  also  made  the  centre  of  the  epicycle  move  at  a constant  speed  around 
a point  called  the  equant  (and  not  around  the  centre  of  the  deferent).  If 
you  think  this  is  becoming  complicated,  you  are  right.  It  is.'  Later  we 
shall  see  that  this  is  one  reason  why  a new  and  very  different  model  was 
needed  to  account  for  heavenly  motions.  Studying  the  diagram  below 
carefully  may  help  to  make  Ptolemy's  model  easier  to  understand. 


Ptolemy’s  Model  of  a Planet’s  Motion 
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By  saying  that  the  epicycle  moves  with  constant  speed  about  the 
equant  we  mean  that  the  epicycle  takes  the  same  amount  of  time  to 
go  from  A to  B as  it  does  from  D to  A, 


I 


It  is  interesting  to  note  that 
Ptolemy  began  with  two  simple 
ideas  - the  earth  was  at  the  centre 
of  things  and  the  planets  moved  in 
perfect  circles.  His  model  included 
perfect  circles,  to  be  sure,  but  the 
earth  was  no  longer  quite  at  the 
centre  and  there  were  now  a number 
of  imaginary  points  moving  about 
other  imaginary  points.  Yet  this 
model  was  the  best  available  until 
about  450  years  ago,  simply 
because  it  helped  to  explain  more 
observations  than  any  other. 


Pio/e  Mod&l  /nc(u.cleci 

perfect  circles  hut  also 
needed  f n^agi har^ 


Questions 

1,  What  was  the  key  feature  of  Hipparchus'  model  of  the  orbit  of  a 
planet  ? 

(a)  The  orbit  was  an  ellipse. 

(b)  The  orbit  was  an  eccentric. 

(c)  The  orbit  was  an  epicycle. 

(d)  The  orbit  was  an  earth-centred  circle.  


2.  What  made  Ptolemy's  model  of  a planet's  orbit  different  from 
Hipparchus'  ? 

(a)  It  involved  an  eccentric. 

(b)  It  took  the  earth  away  from  the  orbit's  centre. 

(c)  It  made  the  earth  go  around  the  sun. 

(d)  It  included  epicycles.  

3.  List  three  observations  about  planets  and  their  motions  which 
must  be  explained  by  a good  model. 

(a)  

(b)  ^ 

(c)  ^ 


i 
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4.  Label  the  epicycle  on  the  diagram. 


t2^NET 


5.  (a)  Which  model  was  simpler,  Hipparchus'  or  Ptolemy's? 


(b)  Which  model  was  considered  more  useful?  Why? 


6.  Why  did  Hipparchus  and  Ptolemy  use  only  circles  to  explain 
planetary  motion? 


7.  What  is  one  weakness  of  Ptolemy's  model  of  planetary  motion? 
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Though  it  was  not  perfect  Ptolemy's  model  helped  to  explain  a 

number  of  things: 

1.  It  predicted  reasonably  well  the  positions  of  sun,  moon  and 
planets. 

2.  It  explained  why  the  fixed  stars  do  not  shift  in  position  throughout 
the  year. 

3.  It  agreed  well  with  Greek  philosophy  regarding  perfection  of  circles 
and  with  the  ideas  of  natural  place  (the  centre  of  the  earth  is  the 
natural  place  for  earthly  bodies,  the  sky  for  heavenly  bodies)  and 
natural  motion. 

4.  It  made  sense  because  the  sun,  moon  and  stars  appear  to  revolve 
around  us. 

5.  It  made  the  immovable  solid  earth  (which  all  of  us  experience  as 
solid  and  immovable)  the  centre  of  the  universe. 

It  is  not  surprising  that  Ptolemy's  model  lasted  for  1500  years. 

Several  hundred  years  after  Ptolemy's  death  the  Roman  Empire 
began  to  crumble.  Eventually  tribes  from  Europe  conquered  Rome 
and  the  ancient  world  fell  into  disrepair.  The  Romans  had  not  been 
great  astronomers  or  mathematicians  and  the  barbarian  tribes  which 
now  were  in  control  were  even  less  so. 

Thus  it  fell  to  the  Arabic  peoples  to  preserve  and  continue  the 
learning  which  had  begun  in  Greece  and  in  the  ancient  civilizations 
of  Mesopotamia  and  Egypt. 

The  contributions  of  the  Arabs  are  considerable.  In  mathematics 
they  developed  the  concepts  of  algebra  (which  is  an  Arabic  word). 
They  invented  sines,  cosines  and  tangents  used  in  trigonometry.  It 
is  from  them  that  we  got  the  symbols  for  our  number  system  Arabic 
numerals.  In  astronomy  they  studied  the  works  of  the  Greeks, 
especially  Ptolemy,  built  observatories  and  invented  a number  of 
astronomical  instruments.  They  made  many  careful  observations  as 
a result.  In  addition,  the  learning  which  the  Arabs  fostered  was 
passed  on  to  Europe  through  the  schools  and  universities  which  the 
Arabs  founded,  especially  the  University  of  Cordoba  in  Spain.  Many 
European  students  came  to  study  there. 
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The  Muslim  religion  provided  much  stimulus  for  astronomical 
studies.  Astronomy  was  considered  the  most  noble  and  beautiful 
study  possible,  because  it  focused  on  the  glory  of  Allah  in  his 
construction  of  the  universe.  Practically,  astronomy  was  useful 
in  determining  the  sacred  month  of  Ramadan,  the  hours  of  prayer 
and  the  direction  of  the  sacred  city,  Mecca.  In  many  of  their 
observatories  the  Arabs  set  about  verifying  and  correcting  Ptolemy's 
tables  in  addition  to  setting  up  their  own. 

The  Arabs  also  used  astronomy  in  navigation.  They  were  the 
first  "northerners"  to  observe  the  Magellanic  Clouds  which  they  were 
able  to  see  on  the  way  to  Madagascar.  (The  Magellanic  Clouds  are 
one  of  two  nebula  visible  to  the  naked  eye  and  are  visible  primarily 
in  the  Southern  Hemisphere). 

The  Arabs  contributed  much  in  the  use  of  instruments.  They 
used  a Chaldean  hemispherical  gnomon  to  make  some  observations 
of  the  planets.  These  observations  challenged  parts  of  Aristotle's 
thinking  about  the  motions  of  heavenly  bodies.  They  became  very 
skilled  and  wrote  books  about  it. 


Thus,  though  from  200  A. D.  to  1500  A. D.  there  were  no  new 
developments  in  the  understanding  of  the  motions  of  heavenly  bodies, 
the  Arabs  preserved  theories  from  the  ancient  world  and  contributed 
much  to  the  practical  uses  of  astronomy. 

It  is  interesting  at  this  point  to  note  the  flow  of  astronomical 
activity  as  it  has  come  to  us  from  the  ancient  world.  We  can 
illustrate  it  as  follows: 

Egypt  Mesopotamia  China  and  India  Mayas 


I 

Western  Europeans 


Copernicus 
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Astronomy  and  Clocks 

We  have  been  talking  about  models  of  the  universe.  By  that  term 
we  have  meant  mathematical  and  geometrical  models.  How  would  one 
make  a mechanical  model  of  the  universe  ? In  one  way  that  is  almost 
the  same  as  asking  "How  do  you  make  a clock?"  For  the  universe 
appears  to  us  as  a complex  timepiece.  The  period  between  one  sunrise 
and  the  next  sunrise  is  one  day.  The  period  between  two  full  moons  is 
a month.  The  period  from  the  time  when  the  sun  is  highest  in  the  sky  at 
noon  to  the  next  time  it  is  highest  at  noon  is  the  year.  The  planets  are 
more  irregular,  and  so  there  is  no  common  time  period  which  they  define; 
nevertheless  they  move  with  some  regularity.  To  make  a model  of  the 
universe  we  need  to  be  able  to  approximate  these  motions. 

The  first  attempts  at  this  were  sundials  especially  the  hemispherical 
sundials  in  which  the  sun's  image  moved  across  a hemisphere.  Water- 
clocks  were  used  to  extend  the  usefulness  of  sundials  in  timekeeping. 

Then,  about  700  A. D.  in  China,  someone  invented  the  first  mechanical 
clock.  It  was  driven  by  waterpower  and  was  in  fact  an  imitator  of 
heavenly  motions.  This  huge  mechanism  was  operated  by  a waterwheel 
which  advanced  by  one  notch  as 
each  cup  filled  with  water.  The 
clock  not  only  told  time  by  means 
of  figures  which  announced  the 
time,  it  also  turned  an  armillary 
sphere  and  a celestial  globe.  The 
armillary  sphere  was  used  for 
observations  much  like  a modern 
telescope.  Thus,  this  was  the  first 
clock- drive  mechanism  similar  to 
those  used  on  modern  telescopes. 

The  first  mechanical  clocks 
began  to  appear  in  Europe  about 
A.D.  1300.  They  measured  time 
by  using  a verge  and  foliot  mech- 
anism. In  many  ways  this  is 
similar  to  the  balance  wheel  of  a 
modern  wristwatch,  though  with 
some  differences  as  well. 


Th«  u)cj^hcirc,lock 
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The  pendulum  clock  (which  we  are 
most  acquainted  with  in  the  form  of 
grandfather  clocks  or  cuckoo  clocks)  was 
designed  by  Christian  Huygens  in  1657. 

This  markedly  improved  time-keeping. 

The  invention  of  the  mechanical  clock 
had  two  very  interesting  effects.  Up  until 
this  period,  time  had  been  measured  by 
sundials  on  which  hour  markings  were 
evenly  spaced.  The  sun's  shadow,  however, 
does  not  pass  these  markings  in  equal 
times  throughout  the  day.  Thus  the  length 
of  the  hour  changed  throughout  the  day.  It 
was  not  until  mechanical  clocks  were 
invented  that  people  began  to  think  of  time 
as  flowing  evenly.  Hours  of  equal  length 
began  to  be  used.  This  prepared  the  way 
for  much  greater  accuracy  of  observation. 
Mechanical  clocks  also  kept  alive  the 
interest  in  the  motions  of  the  heavenly 
bodies  even  though  observational  astronomy 
was  for  many  centuries  no  more  advanced 
than  in  Ptolemy’s  time. 


The  'invenit'ion  nne<:>han ical 
clocks  Chcoura^ccl  pcoplcih 
Conceive  o-l-  “tiwe  as 
/n  ev'en  uni~Ls 


Shaking  the  Earth  Loose  - Copernicus 


The  Renaissance  began  in  Italy  in  the 
1400' s.  It  was  a revival  of  interest  in  the 
study  of  man's  art  and  culture,  especially 
that  of  the  ancient  world.  Much  of  the 
ancient  learning  had  been  preserved  by 
Arab  scholars  and  now  became  available 
in  the  original  texts  in  Latin  and  Greek. 

These  texts  included  works  on 
astronomy.  It  was  in  this  new  age  that 
Nicolas  Copernicus  lived.  It  was  an  age 
that  encouraged  new  ideas  yet  also  had 
difficulty  changing  some  older  cherished 
ones. 

Copernicus  was  the  youngest  child  in  a 
family  of  four,  born  of  a wealthy  mother 
and  a father  who  was  a community  leader 
(magistrate)  and  merchant  in  Torun,  Poland. 


The  Re 
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His  uncle  was  a bishop  in  the  Polish  church. 
This  fact  later  was  of  some  importance  to 
Copernicus  because  he  was  to  receive  an 
appointment  in  the  church,  which  gave  him 
some  of  the  freedom  he  needed  to  study 
astronomy. 

Copernicus  began  his  education  in  canon 
law  (the  laws  of  the  church).  Later  he 
studied  medicine  but  all  the  while  he  pursued 
his  interest  in  astronomy.  Between  his 
duties  at  the  cathedral  where  he  was 
stationed  he  had  opportunity  to  make  obser- 
vations from  his  turret  observatory. 
Copernicus  used  not  only  his  own  observations 
but  also  those  of  the  Greeks  and  Arabs, 
some  of  which  were  quite  unreliable.  He 
often  gave  himself  a lot  of  trouble  by 
accepting  these  erroneous  observations  as 
accurate. 


IsuJ 

M ediomc. 


(Zop-ermlcu^  relie-d  on 
old y I neccouraie  ohs^nmti 


Copernicus  was  asked  at  one  point  to 
help  set  the  calendar  straight.  He  replied 

that  he  could  not  do  so  until  the  laws  1 

governing  the  sun’s  atnd  moon’s  motions  " 

became  clearer.  That  was  in  1514  and  it 
was  not  until  1543  that  Copernicus  published 
his  book  on  the  new  astronomy.  Later  it 

would  be  used  to  produce  the  new  calendar  Qreaonian  Cdkndsn  tSB^ 

proposed  by  Pope  Gregory  in  1582  — the  ^ 

one  we  still  use  today. 


Advances  in  astronomy  as  well  as  in 
other  areas  of  science,  have  come  about  as 
much  through  careful  thinking  as  through 
improved  observation.  Such  was  true  of 
Copernicus.  His  observations  are  worth 
little  today,  but  it  was  his  thinking  that 
helped  to  create  a turning  point  for  science 
that  ushered  in  a new  age. 


QopernicuLh^  -^hinloh^ 
ry\one,  Valu^^ye^ 
'than  his  obss.r^'at'ioy?^ 


Copernicus  wrote  a book  "On  the 
Revolutions  of  the  Celestial  Orbs..."  to 
present  his  new  understandings  of  the 
universe.  Being  a cautious  man  he  did  not 
set  it  forth  for  publication  until  just  before 
his  death  in  1543 . There  were  six  parts 
in  the  book: 
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Book  I - Description  of  the  new  picture 
of  the  universe  with  the  sun  at  the 
centre  (including  an  explanation  of 

the  seasons)  - also  several  chapters  ^ L l f 

on  trigonometry.  C>o^t.c,in'b  o-H 

Book  II  - Trigonometry  applied  to  the  Cap&ir\nicu%.  hook 

heavens , star  catalogue 

Book  III  - The  earth's  motion 

Book  IV  - The  moon's  motion 

Books  V and  VI  - The  planets'  motions 


The  contents  of  this  book  show  that 
Copernicus  had  studied  Ptolemy  very 
carefully.  One  thing  about  Ptolemy's 
model  that  Copernicus  could  not  accept 
was  the  equant,  that  imaginary  point  about 
which  the  planet's  epicycle  travelled  with 
constant  speed.  There  was  something 
too  unreal,  too  arbitrary  about  it. 

Certainly,  Copernicus  thought,  there  must 
be  a simpler  way  to  make  the  model.  No 
doubt  he  had  read  about  some  of  the 
ancient  Greeks  who  had  suggested  that 
the  earth  moves  around  the  sun  and  turns 
on  its  axis  once  a day.  He  began  to  see 
that  if  these  two  were  put  together  you 
would  have  a marvelously  simple  expla- 
nation of  many  observations.  Why  does 
the  whole  sky  appear  to  move  around  the 
earth  once  every  24  h?  Because  the 
earth  itself  is  turning  under  the  sky.  Why 
do  the  planets'  motions  appear  to  change 
from  time  to  time  and  even  reverse  ? 

Because  the  earth  itself  is  moving,  making 
the  planets  appear  to  change  positions 
against  the  background  of  the  stars.  Thus 
many  of  the  supposed  motions  of  the  heavens 
could  be  simply  accounted  for  by  motions  of 
the  earth. 
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But  getting  the  earth  to  move  is  not  an 
easy  matter  even  if  you  can  make  such 
calculations. 

Copernicus  supposed  that  not  only  the  earth  but  other  planets  too  revolved 
around  the  sun.  By  using  this  new  understanding  he  was  able  to  calculate  the 
distances  of  the  planets  from  the  sun  in  comparison  to  the  earths  distance. 

He  also  calculated  how  long  it  took  each  planet  to  go  around  the  sun. 


Physics  10 


14  - 


Lesson  12A 


Questions 

1,  What  did  Copernicus  find  objectionable  in  Ptolemy's  model  of 
the  solar  system? 

(a)  the  equant 

(b)  the  epicycles 

(c)  the  eccentric  path  for  the  planets 

(d)  the  use  of  circles 


2.  Why  did  the  Arabs  become  the  inheritors  of  the  astronomy  from 

Greece? 

(a)  They  were  more  closely  related  to  the  Greeks  than  any 
other  group. 

(b)  Their  religion  and  philosophy  of  life  encouraged  seeking 
knowledge  of  the  heavens  and  information  about  times 
and  seasons. 

(c)  They  were  the  first  conquerors  of  Greece. 

(d)  They  had  better  access  than  the  Romans  did  to  the 
knowledge  and  learning  of  Greece. 


3.  What  new  understanding  about  time  came  about  through  the 
invention  of  the  mechanical  clock? 


4.  What  is  Copernicus  best  known  for? 

(a)  His  careful  observations . 

(b)  His  new  thought  about  the  universe. 

(c)  His  courageous  and  public  questioning  of  old  models. 

(d)  His  understanding  of  Ptolemy. 
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It  is  not  an  easy  matter  to  show  that 
the  earth  moves.  People  in  Copernicus' 
day  raised  a number  of  objections.  If  the 
earth  moves,  some  said,  anything  floating 
in  the  air  would  be  left  behind  and  would 
appear  to  be  moving  west  at  a furious 
speed. 


Obj  ect  i oi^s  “fe  a 
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One  Objection  to  a Rotating  Earth 


Copernicus  replied  that  the  air  and 
objects  suspended  in  it  may  in  fact  move 
along  with  the  earth.  We  might 
respond  by  asking  "Well,  what  is  it  that 
doesn't  move  then?"  An  answer  to  this 
would  bring  us  head  on  into  one  of  the 
controversies  of  science  in  the  19th 
century. 
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If  the  earth  is  turning  so  fast, 
others  objected,  it  would  be  torn  to 
pieces. 


A rapidly  moving 
earth  would  fly  apart 


Another  Objection  to  a Rotating  Earth 


Copernicus  replied  that  if  the  sky  turns, 
that  is  even  more  of  a problem.  The  edge 
of  the  sky  would  be  moving  much  more 
rapidly  than  the  earth.  Surely  it  would 
be  in  much  greater  danger  of  falling  apart. 
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Still  another  objection  is  that  if  the  earth  moves,  then  the  stars 
should  appear  to  change  their  positions.  They  do  not  appear  to  do  so. 


Parallax  of  Stars  Should  Result  if  the  Earth  is  Moving 
(The  Viewing  Angle  is  Greater  at  B than  at  A).  The 
Angles  Become  Nearly  Equal  if  the  Stars  Are  Very  Distant 


Copernicus  replied,  as  did  some  of 
the  Greeks  before  him,  that  if  the  stars 
are  very  far  away  we  would  not  notice 
their  shift  of  position  or  parallax.  This 
objection  proved  to  be  the  most  difficult 
to  answer.  For  even  if  the  stars  are 
far  away  there  must  still  be  some  very 
small  change  in  their  positions.  As 
instruments  become  better  we  should  be 
able  to  observe  the  change.  For  several 
hundred  years  no  such  change  was 
observed  even  with  telescopes. 
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Still  another  objection  to  Copernicus  is 
that  if  one  accepted  his  sun- centred  view 
it  would  mean  that  one  would  have  to 
reject  Aristotle.  It  would  be  unwise  to 
quickly  reject  the  authority  of  someone 
who  had  held  so  much  authority  for  so 
long,  especially  since  his  thinking 
provided  so  much  of  the  support  for  the 
theology  of  men  like  St.  Thomas  Aquinas. 

In  spite  of  these  objections,  the 
simplicity  of  Copernicus*  model  quickly 
appealed  to  many  mathematicians  of  his 
day.  Yet  Copernicus  did  not  really 
simplify  Ptolemy  very  much.  He  still 
retained  the  eccentrics  and  epicycles 
though  the  sun  was  now  at  or  near  the 
centre,  not  the  earth.  One  needed  just 
as  many  calculations  for  Copernicus* 
model  as  for  Ptolemy* s model.  It 
remained  for  a combination  of  a very 
careful  observer  and  an  outstanding 
astronomer- mathematician  to  discover 
an  even  better  model. 

Tycho  Brahe 
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Copernicus  had  some  trouble  with  his 
model  partly  because  he  had  unreliable 
observations  to  depend  on.  Just  three  years 
after  Copernicus  died,  a man  who  was  to 
do  something  about  this  problem  was  born. 
Tycho  Brahe  (1546-1601)  became  interested 
in  the  stars  at  an  early  age.  There  were 
two  events  that  propelled  him  into  a full- 
fledged  program  of  astronomical 
observation.  One  night  there  was  a 
conjunction  (very  close  approach)  of 
Jupiter  and  Saturn.  The  tables  available 
at  the  time  predicted  this  conjunction  a 
month  later  than  it  came.  Then  in  1572, 
a new  star  (a  supernova),  brighter  than 
Venus,  appeared  in  the  sky  near  the 
constellation  Cassiopeia.  It  was  bright 
enough  to  be  visible  in  daytime.  As  a 
result  of  these  two  events  Brahe  resolved 
to  make  accurate  observations  of  the  stars  and 
planets.  Even  with  crude  instruments  he 
had  found  inaccuracies  in  the  tables.  He 
resolved  now  to  develop  better  instruments 
to  make  it  possible  to  produce  better  tables 
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and  to  study  more  precisely  the  position 
of  stars,  both  new  and  old.  He  realized 
immediately  that  this  would  require  very 
large  instruments.  He  built  first  a quad- 
rant with  a 5.5  m radius.  On  this 
instrument  90®  were  distributed  along  9 m, 
an  average  of  10  cm  per  degree.  One 
minute  of  arc  was  represented  by  about 
1 . 6 mm . 


Soon  he  was  invited  to  set  up  an 
observatory  on  the  island  of  Hven  near 
Denmark  by  the  Danish  Court.  Here  he 
constructed  an  observatory  with  27  different 
kinds  of  instruments.  Among  them  was  a 
celestial  globe  and  a quadrant  inscribed  in 
a wall  that  ran  directly  north  and  south. 

On  this  quadrant  he  could  determine  the 
altitude  of  heavenly  bodies  when  they 
crossed  the  meridian,  the  time  of  the 
night  when  they  were  highest  in  the  sky. 
With  this  device  he  was  able  to  measure 
the  length  of  the  year  to  within  several 
seconds  of  the  presently  accepted 
measurement. 

With  these  instruments  Tycho  Brahe 
patiently  measured  the  positions  of  777 
stars.  For  each  of  these  he  averaged 
about  15  observations.  It  was  the  first 
time  since  Hipparchus,  1700  years 
earlier,  that  a completely  new  set  of 
observations  had  been  made  and  it  took 
14  years  to  do  it.  These  precise  obser- 
vations made  a very  accurate  set  of 
data  for  planetary  motion  possible  and 
provided  some  solid  foundations  for 
modern  astronomy. 

It  is  worth  noting  that  Brahe  did  not 
accept  Copernicus’  sun-centred  universe. 
According  to  Aristotle,  a moving  object 
could  be  kept  moving  only  by  applying  a 
continual  force.  Brahe  could  not  see  how 
the  sluggish  earth  could  move.  Also,  in 
his  accurate  observations  he  could  find 
no  evidence  of  parallax. 
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Yet  he  saw  the  advantage  and  simplicity  of 
Copernicus’  model.  Then  one  day  he  had 
an  idea  that  could  accommodate  both  of 
these  factors.  Why  could  not  the  sun  go 

around  the  earth  while  the  other  planets  i Jea 

go  around  the  sun?  In  this  way  Copernicus’ 

simple  solar  system  could  be  combined  with 

a central  earth.  Brahe  believed  that  he  had 

found  the  best  model  of  all  to  explain  the 

motions  of  the  heavens. 


Tycho  Brahe’s  Model  of  the  Sun,  Moon  and  Planets 


Physics  10 


21 


Lesson  12A 


► 


► 


Brahe  was  a very  unusual  and  colorful 
man.  Along  with  his  observatory  in 
Hven  he  built  a luxurious  palace  and 
grounds  where  he  lived  royally  for  many 
years.  He  was,  however,  a bit  harsh  and 
made  enemies  easily.  When  the  king,  who 
had  invited  Brahe  to  this  island,  died, 

Brahe  had  to  go  into  exile.  Eventually 
he  died  there,  concerned  to  the  end  about 
whether  his  work  had  been  in  vain.  But 
he  need  not  have  feared,  for  just  over  a 
year  before  his  death  he  took  on  an 
assistant  named  Johannes  Kepler.  Rarely 
has  such  a combination  of  two  men,  one 
a precise  and  careful  observer,  the  other 
an  outstanding  mathematician,  produced 
such  fruitful  results. 

Johannes  Kepler 

Kepler  was  a frail  sort  of  man,  very 
devout,  very  dedicated  to  the  task  of 
discovering  a perfect  explanation  for  the 
motions  of  the  heavens.  By  the  time  he 
joined  Brahe  he  had  already  done  much 
thinking  about  astronomy.  In  fact  he  had 
written  a book  in  which  he  set  forth  a 
model  for  the  solar  system  using  the  five 
regular  solids.  Between  each  of  the  spheres 
representing  planet  positions  was  inserted 
one  of  the  regular  solids.  Although  this 
happens  to  fit  quite  well  the  five  planets 
that  Kepler  knew  about,  it  has  little 
usefulness  in  predicting  the  positions  of 
the  nine  planets  that  we  now  know. 

The  next  task  Kepler  set  for  himself 
was  one  that  had  baffled  Copernicus.  How 
can  you  account  for  the  orbit  of  Mars  ? 
Copernicus  simply  could  not  fit  it  into  a 
circle.  As  it  turns  out.  Mars  is  a good 
sample  for  investigation  of  planetary 
motion.  At  Kepler's  time  there  were  too 
few  observations  of  Mercury  available, 

Venus  proved  to  have  a nearly  circular  orbit 
and  Jupiter  and  Saturn  moved  too  slowly 
for  a number  of  observations  to  be 
obtained.  Mars  moved  quite  rapidly  and 
had  an  orbit  irregular  (that  is  departing 
from  a circle)  enough  to  make  it 
interesting. 
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When  Kepler  began  work  on  the 
problem  he  was  sure  that  the  solution 
would  not  take  long  — eight  days  he  thought. 

He  ended  up  taking  years.  His  task  would 

have  been  impossible  without  Brahe's  SearcU -for  a Soluirioi^ 

accurate  observations.  For  three  years 

he  worked  hard  at  the  problem.  For  three 

years  the  solution  lay  almost  under  his 

nose  but  he  would  not  or  could  not 

recognize  it  because  he  was  yet  committed 

to  the  use  of  perfect  circles  and  epicycles. 

He  tried  71  different  solutions,  even 
creating  new  mathematics  to  do  the  solutions. 

Using  Copernicus'  sun- centred  system  with 
circular  orbits,  eccentrics  and  equants  he 
found  an  orbit  that  matched  the  observations 
to  within  eight  minutes  of  arc  (0.13®). 

But  Tycho's  observations  were  accurate 
to  within  two  minutes  of  arc  (0.03®). 

Finally  it  came  to  him  that  the  orbit 
could  not  be  a circle.  There  were  only 
two  other  choices  — the  orbit  had  to  be 
an  oval  or  egg- shape  with  a single  centre 
or  it  had  to  be  an  ellipse  with  two  centres 
(foci). 


Kepler  was  also  interested  in  finding 
out  about  the  speed  of  the  planet  in  orbit. 
Instead  of  working  first  with  the  question 
"What  combination  of  circles  will  describe 
the  orbit  of  Mars?"  he  asked  the 
questions,  "What  shape  is  Mars  orbit?" 
and  "How  does  it  move  in  its  orbit?" 

These  questions  proved  much  more 
fruitful.  It  is  more  productive  to  ask 
a good  question  than  to  find  a good  answer 
to  a poor  question.  For  two  thousand 
years  astronomers  had  been  committed 
to  a perfect  circle . Now  Kepler  was 
breaking  through  to  a new  understanding. 
Yet  the  breakthrough  was  difficult.  The 
first  thing  he  discovered  as  he  used 
Brahe's  figures  was  that  a line  joining 
Mars  to  the  sun  swept  out  equal  areas 
in  equal  intervals  of  time.  This  gave 
him  the  answer  to  the  problem  of  how 
fast  the  planet  moved  at  various  times. 

As  it  approached  closer  to  the  sun,  the 
planet  moved  faster.  As  it  moved 
further  from  the  sun  it  slowed  down. 
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The  areas  O DC  and  O AS  are  equal. 
The  planet  moves  faster  along  AB 
than  along  DC  since  these  distances 
are  covered  in  equal  times. 
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From  this  law  Kepler  got  support  for 
his  idea  that  the  sun  was  somehow 
responsible  for  the  motion  of  the  planets. 

By  doing  this, Kepler  was  beginning  to  deal 
with  physical  law  — why  and  how  the  planets 
actually  move.  Up  to  this  point,  models 
of  the  planets'  motions  had  been  designed 
only  for  prediction  and  were  concerned 
with  only  descriptions  of  the  motion  (rather 
than  explanations  of  it). 
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Kepler  now  turned  his  attention  to  the 
shape  of  Mars'  orbit.  For  several  years 
he  tried  to  fit  Mars'  positions  into  an 
oval- shaped  path.  He  would  try  now  this 
and  now  that  oval  shape.  But  none  of 
them  seemed  to  work.  At  one  point  he 
lamented  to  a friend  that  if  only  the  shape 
were  an  ellipse  there  would  be  all  kinds 
of  information  available  about  it  from 
the  Greek  geometers.  After  two  years  of 
work  it  finally  came  to  him.  Maybe  the 
orbit  was  an  ellipse.  He  tried  it  and  it 
fitted  perfectly.  Only  after  he  had  given 
up  the  idea  that  the  curve  must  have  only 
one  centre  did  he  make  progress.  "I 
felt  as  if  I had  wakened  from  a long  sleep 
and  were  blinking  at  the  bright  sunlight."'!' 
On  Easter  of  1605  the  devout  Kepler 
prayed  "Dear  Lord  who  has  guided  us  to 
the  light  of  Thy  glory  by  the  light  of 
nature,  thanks  be  to  Thee.  Behold,  I 
have  completed  the  work  to  which  Thou 
hast  called  me.  And  I rejoice  in  Thy 
creation  whose  wonders  Thou  hast  given 
me  to  reveal  unto  men.  Amen." 
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'!'See  Rudolf  Thiel,  And  There  Was  Light 
for  a fascinating  account  of  Kepler,  his 
personality,  life  and  work. 


Physics  10  - 24  - Lesson  12A 

Activity 

The  ellipse  as  the  shape  of  the  planets’  orbits  became  known  as  such 
only  thousands  of  years  after  men  first  tried  to  fit  planetary  observations 
into  a geometric  model.  An  ellipse  is  not  really  a very  complex  figure. 

To  draw  an  ellipse  you  need  only  a wood  or  fibreboard  surface, 
two  straight  pins,  a length  of  thread,  and  a sharp  pencil. 


1.  Place  the  top  of  page  25  on  the  wood  or  board. 

2.  Drive  the  straight  pins  into  the  board  through  the  paper  about 
6 cm  apart. 

3.  Tie  a loop  of  thread  whose  closed  length  is  about  2 cm  greater  than 
the  distance  between  the  pins. 

4.  Now  set  up  the  apparatus  as  shown  in  the  diagram  and  draw  the 
ellipse  by  moving  the  pencil  around  until  the  ellipse  is  complete . 


Constructing  an  Ellipse 
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5.  Complete  your  ellipse  in  the  space  below. 


i 


6.  The  dimensions  and  characteristics  of  an  ellipse  are  shown  below 


Distance  between  foci  = 2c 


Eccentricity  = — 
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An  ellipse  is  composed  in  such  a way  that  the  sum  of  the 
distances  from  any  point  on  it  to  the  two  foci  is  constant.  That 
means  that  Fi  to  O to  F2  is  always  constant  and  turns  out  in  fact 
to  be  equal  to  2a. 

Find  the  following  measurements  for  your  ellipse  in  cm. 

2a  = 
a = 

2c  = 
c = 


Eccentricity  (e)  = — = 

cL 

7.  Now  let’s  consider  Mars  as  a typical  example  of  a planet  with  its 
orbit  as  an  ellipse. 

For  Mars  a = 1.542  AU  (astronomical  unit  - the  mean  distance  from  the 
= 1.542  X 1.496  X 108  km  = 2.307  x iqS  km  ‘ 

and  e = 0.093 

Thus  c = 0.093xa  = 0.093(1.542  AU)  = 0.143  AU 
Thus  Mars'  orbit  to  scale  would  be  as  follows: 
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Note  how  close  the  orbital  path  appears  to  be  to  a circle.  To 
find  that  it  is  an  ellipse,  as  Kepler  did,  takes  both  accurate 
observation  and  calculation,  which  required  the  best  skills  of  both 
Brahe  and  Kepler. 

Many  of  the  planets  have  even  smaller  eccentricities  in  their  orbits. 
Remember  that  the  smaller  the  eccentricity  the  closer  the  orbit  is  to 
a circle  (the  eccentricity  of  a circle  is  zero). 


Planet 

Eccentricity 

Mercury 

0.206 

Venus 

0.007 
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Earth 

0.017 
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Mars 

0.093 
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Jupiter 

0.048 
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Saturn 

0.056 

Uranus 

0.047 

Neptune 

' 0.009 

Pluto 

0.250 

We  can  state  the  two  laws  that  Kepler 
discovered  as  follows; 

1.  The  orbit  of  a planet  around  the  sun 
is  the  shape  of  an  ellipse  with  the  sun 
at  one  focus. 

2.  A line  joining  the  sun  to  a planet 
sweeps  out  equal  areas  in  equal  time 
intervals  as  the  planet  moves  in  its 
orbit. 

These  simple  laws  are  the  result  of 
six  years  of  intense  work  by  Kepler.  They 
represent  simple  mathematical  descriptions 
of  planetary  motion.  They  are  empirical 
laws  based  directly  on  observations. 

Later  Newton  would  propose  a more 
comprehensive  theoretical  law  which  would 
include  these  laws  of  Kepler,  and  offer  a 
physical  explanation  (not  only  a description) 
of  planetary  motion. 
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With  the  first  law  above  we  can  find 
all  the  possible  positions  of  a planet  if  we  -/Cep/ers  lat>os  ca»o 

know  its  ellipse.  With  the  second  law  we  -tb  predict  a 

can  find  the  speed  of  the  planet  at  any 
position.  With  a combination  of  the  two 
and  a starting  observation  we  can  deter- 
mine the  planet’s  position  any  time  in  the 
past  or  future. 


3ccuirsielj 


Kepler  began  to  wonder  later  in  his 
studies  whether  there  was  some  way  of 
relating  the  motions  of  the  planets  to 
each  other.  Each  planet  had  its  own 
ellipse  but  how  were  they  related? 

Kepler  here  was  exercising  an  important 
scientific  principle  — that  nature  is  under- 
standable and  that  we  can  find  what  the 
truth  about  nature  is  if  we  continue  to 
search.  Out  of  this  question  he  derived 
a third  law  of  planetary  motion.  He  found 
that  the  squares  of  the  periods  of  the 
planets  are  proportional  to  the  cube  of 
their  average  distances  from  the  sun. 
Kepler  was  so  impressed  by  these 
simple  proportions  that  he  went  on  to  try 
to  discover  if  the  planets'  motions  could 
be  compared  to  a musical  scale.  He  was 
in  fact  able  to  ascribe  a tune  to  each  of 
the  planets.  The  whole  system  of  planets 
could  be  compared  to  an  orchestra,  each 
playing  its  proper  harmonies.  The  results 
of  this  and  his  Third  Law  were  published 
in  the  book  Harmony  of  the  World. 

After  he  learned  of  the  telescope, 
Kepler  took  some  time  off  to  write  a 
study  of  optics.  His  book  was  used  as 
an  optics  text  for  some  years. 
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Kepler  was  a tireless,  persistent 
and  inspired  scientist  and  mathematician 
whose  contributions  to  astronomy  are  of 
immense  value  to  us. 


Galilei  Galileo 

While  Kepler  was  working  on  the 
motions  of  Mars,  an  Italian  named  Osltleo  ( ( 

Galileo  was  working  on  a different  yet 
equally  important  problem. 


Physics  10 


29 


Lesson  12  A 


Galileo  was  born  in  1564,  a few  years 
before  Kepler,  in  quite  a different  part  of 
the  world  ~ Italy.  He  trained  first  to  be 
a doctor  but  it  soon  became  clear  that 
mathematics  and  experiments  with  objects 
in  nature  were  his  real  talent.  He  became 
a teacher  and  a very  good  one,  for  his 
lectures  attracted  many  students,  partly 
because  he  demonstrated  to  his  students 
what  he  taught.  They  could  observe  with 
their  own  eyes  the  things  that  he  told  them 
in  his  teaching.  For  Galileo  it  was  not 
good  enough  simply  to  declare  something. 

It  was  also  necessary  to  observe  nature 
and  demonstrate  her  behavior  whenever 
, possible.  Galileo  made  many  discoveries 
but  there  are  two  that  are  of  special 
interest  to  us. 


-Dootor 

ev^a-b'i  c ian 

HTea 


One  of  the  difficulties  in  accepting 
Copernicus’  idea  of  the  earth's  moving 
around  the  sun  was  the  proper  under- 
standing of  motion  itself.  Why  do  things 
move  or  not  move?  What  makes  objects 
come  to  rest?  Aristotle  thought  that  a 
continuous  force  was  needed  to  keep  an 
object  in  motion.  Galileo  became  curious 
about  this  question  when  he  noticed  a 
chandelier  swinging  in  a cathedral.  He 
noticed  that  even  though  the  swings  became 
shorter,  the  time  for  each  swing  stayed 
the  same.  It  occurred  to  him  that  the 
swinging  chandelier  was  an  example  of 
falling.  Later  he  discovered  that  all 
objects  fall  at  the  same  rate  of 
acceleration,  contrary  to  what  Aristotle 
had  taught.  To  discover  how  objects  fall, 
he  slowed  down  the  rate  of  falling  by 
rolling  objects  down  an  inclined  plane. 

We  noted  how  this  was  done  in  Lesson  4. 
Thus  Galileo  began  to  discover  why 
objects  move. 


Vl/f^at  causes 
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Very  early  in  these  experiments 
Galileo  discovered  that  when  a pendulum 
swings  or  a ball  rolls  down  one  plane 
then  up  another,  the  object  always  ends 
up  as  high  as  it  started  out,  if  there 
are  no  other  forces  acting.  Thus  in 
the  diagram  below,  the  ball  starts  at  A 
and  ends  up  at  B,at  the  same  level  as  A. 


A B 


This  happens  no  matter  how  sharply  or  flatly  the  plane  on  the 
right  is  inclined. 


A 


B 
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Galileo  then  asked  himself  a question  which  he  could  not  really 
test,  but  which  was  based  solidly  on  the  results  he  had  seen  so  far. 
What  if  the  plane  on  the  right  is  made  completely  flat  ? Obviously  the 
ball  will  never  reach  the  same  level  as  it  started  out  because  the 
plane  never  causes  it  to  rise.  That  means  that  the  ball  will  go  on 
moving  forever. 


This  very  simple  yet  amazing  observation  was  the  key  to  the  moving 
earth.  The  earth  continued  to  move  because  nothing  was  there  to  stop 
it.  It  needed  no  force  to  keep  this  motion  constant.  It  would  need  a 
force  only  to  slow  it  down  or  speed  it  up.  Thus  Galileo  had  discovered 
an  important  bit  of  evidence  to  support  the  possibility  of  Copernicus' 
idea  of  a moving  earth  — the  principle  of  inertia. 

A second  major  discovery,  very  exciting  indeed,  to  himself  and  the 
people  of  his  time,  came  in  1610.  Somewhere  he  had  got  word  from 
Holland  of  an  interesting  new  device.  Someone  had  put  two  lenses 
together,  one  in  front  of  the  other,  while  observing  a distant  cathedral 
spire.  To  the  observer's  surprise,  the  spire  appeared  much  nearer  and 
larger  than  it  actually  was.  Galileo  immediately  put  two  lenses  together 
inside  a tube  and  made  his  first  telescope  (of  about  three  power).  He 
experimented  until  he  had  a telescope  of  about  thirty- three  power. 
Immediately  upon  pointing  it  at  the  moon  Galileo  discovered  the  rough- 
cratered  surface  with  mountain  shadows,  bright  peaks  and  craters.  The 
moon  was  not  smooth  and  perfect  as  most  people  had  supposed.  He  also 
discovered  that  the  stars  were  not  magnified  but  simply  became  brighter 
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points  of  light.  This  supported  the  view 
that  the  stars  were  very  distant,  and 
thus  would  show  no  parallax  with  a moving 
earth.  When  he  observed  the  Milky  Way 
he  saw  that  it  consisted  of  a myriad  of 
tiny  stars  and  he  wrote: 

"I  know  now  what  the  silver  girdle  around 
the  celestial  sphere  is;  I am  filled  with 
amazement  and  offer  unending  thanks  to  God 
that  it  has  pleased  Him  to  reveal  through  me 
such  great  wonders,  unknown  to  all  the 
centuries  before  our  time." 

In  his  telescope,  the  planets  appeared 
as  small  round  discs.  Most  surprising 
of  all,  the  planet  Jupiter  showed  three 
small  stars  beside  it  in  a line.  .The 
next  time  he  observed  it  the  stars  had 
changed  positions.  Shortly  he  discovered 
a fourth  star  that,  together  with  the  other 
three,  sometimes  appeared  and  then 
disappeared  in  different  combinations. 

The  only  conclusion  he  could  reach  was 
that  here  were  four  heavenly  bodies  all 
spinning  rapidly  about  their  mother  planet, 
Jupiter.  Here  was  a miniature  solar 
system  — a bit  of  evidence  that  clearly 
demonstrated  that  Copernicus'  idea  of  a 
family  of  planets  swinging  around  the 
sun  could  be  true.  It  also  demonstrated 
that  the  earth  was  not  the  centre  of  all 
heavenly  motions.  Galileo  also  foolishly 
or  ignorantly  observed  the  sun  through 
his  telescope  directly,  blinding  himself 
for  about  a week  and  permanently 
damaging  his  eyesight.  Even;tually  he  went 
blind, perhaps  partly  because  of  this 
incident.  Later,  using  a projection  of  the 
sun's  image  on  a sheet  of  paper,  he  was 
able  to  oberve  sunspots  and  detect  the 
sun's  rotation.  He  also  observed  the 
phases  of  Venus,  thus  demonstrating  that 
planets  shine  by  reflected  light. 


Galileo's  ofcser /aiiows: 
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Galileo’s  telescope  was  powerful 
enough  to  show  that  there  was  something 
different  about  Saturn,  but  the  telescope  was 
not  powerful  enough  to  show  clearly  what  it 
was.  To  Galileo,  the  planet  appeared  to 
have  horns.  It  was  not  until  much  later 
that  it  became  clear  that  Saturn’s  unusual 
feature  was  a set  of  rings  circling  the 
planet.  All  of  these  were  new  discoveries  — 
none  had  ever  been  seen  before  by  the  many 
observers  who  had  been  studying  the  heavens 
for  thousands  of  years.  Galileo  could  well 
stand  in  awe  of  the  many  unusual  astronom- 
ical happenings  that  he  was  privileged  to 
observe  first. 


£atuLrr\s,  uhusual 


As  a result  of  his  experiments  and 
discoveries,  Galileo  became  a thorough- 
going supporter  of  Copernicus.  To  support 
the  Copernician  model  he  wrote  several 
popular  and  interesting  books.  Yet,  though 
it  was  80  years  since  Copernicus,  there  was 
still  much  resistance  to  the  new  idea. 

Galileo  was  also  a faithful  son  of  the 
Catholic  Church  and  was  much  disappointed 
when  it  did  not  respond  favorably  to  the 
new  evidence  to  support  Copernicus. 
Eventually  opposition  to  Galileo  began  to 
grow  and  he  was  finally  forced  in  his  old 
age  to  recant  his  views  which  were  con- 
sidered heretical  because  they  differed 
from  Aristotle.  This  became  something  of 
a tragic  blot  on  what  was  otherwise  a 
brilliant  career  for  this  great  scientist 
and  thinker. 

Although  Galileo  went  a long  ways 
toward  discovering  the  great  fundamental 
principles  of  physics  that  describe  the 
motions  of  the  universe,  it  remained  for 
another  man  to  put  everything  together. 

In  the  year  Galileo  died,  1642,  Isaac 
Newton  was  born. 


Tit)o  of  Galileo's  hoolcsi 
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Kepler  had  discovered  the  laws  of 
heavenly  movements.  Galileo  had 
studied  the  motions  of  objects  on  earth 
and  made  observations  to  support  Coperni- 
cus' view  of  the  sun  at  the  centre  of  the 
planets.  Isaac  Newton  was  to  join  the 
two  great  ideas  together  to  form  the 
theory  of  universal  gravitation  by  which 
we  today  describe  and  explain  the  changing 
universe  and  its  motions.  But  that 
begins  another  story.  Following  the  age 
of  Copernicus,  Brahe,  Kepler,  Galileo 
and  Newton  there  were  many  fascinating 
developments  in  the  study  of  astronomy. 
Galileo,  however,  brings  us  to  the  end  of 
our  Physics  10  journey  which  has  taken 
us  to  the  major  discoveries  that  helped 
form  a foundation  for  modern  astronomy  — 
the  discovery  of  the  laws  of  planetary  motion 
and  the  discovery  of  the  telescope. 


Gjravl  tation 
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Lesson  Summary 


Hipparchus  was  the  only  great  observational  astronomer  of  ancient 
Greece.  He  prepared  a catalogue  of  800  stars  and  invented  the  system 
of  classifying  stars  by  magnitude. 

Ptolemy's  model  of  the  universe  involved  a complex  set  of  deferents, 
epicycles,  and  equants.  With  the  observations  then  available,  it  was 
reasonably  accurate  in  describing  and  predicting  planetary  positions.  It 
was  an  earth- centred  model. 

The  Arabs  adopted  Ptolemy's  model  and  preserved  much  of  the 
astronomical  knowledge  that  came  through  the  Greeks.  They  perfected 
the  use  of  navigation  instruments,  especially  the  astrolabe. 

Clocks  were  the  first  mechanical  models  of  the  universe.  They 
were  first  invented  and  used  in  ancient  China.  The  invention  of  clocks 
gave  rise  to  the  concept  of  an  even  flow  of  time,  hour  by  hour,  to 
replace  the  conception  of  uneven  time  flow  that  came  from  the  use  of  the 
sundial . 

Copernicus  stood  at  the  beginning  of  what  we  call  the  modern  era  of 
astronomy.  If  the  earth  spins  on  its  axis  and  moves  around  a central 
sun,  we  can  easily  explain  the  daily  sky  motion,  the  change  of  the  sky 
through  the  seasons  and  the  planetary  loops. 

Tycho  Brahe  was  a very  skilful  instrument  builder  and  observer  who 
made  precise  observations  on  the  positions  of  hundreds  of  stars  and 
plotted  very  carefully  the  motions  of  the  planet  Mars.  He  also  devised 
a model  of  the  planets  that  preserved  the  earth  at  the  centre. 

Johannes  Kepler,  a persistent  and  skillful  mathematician  discovered 
the  three  laws  of  planetary  motion  using  Brahe's  accurate  observations. 
The  three  laws  are; 

1.  The  orbit  of  a planet  around  the  sun  is  an  ellipse,  having  the  sun 

at  one  focus. 

2.  A line  from  the  sun  to  a planet  sweeps  out  equal  areas  in  equal 

time  intervals. 

3.  The  squares  of  the  periods  of  the  planets  are  proportional  to  the 

cubes  of  their  average  distances  from  the  sun. 

Galileo  was  the  first  astronomer  to  use  a telescope.  Through  it  he 
saw  the  mountains  of  the  moon,  the  phases  of  Venus,  the  unusual  shape 
of  Saturn,  the  spots  on  the  sun  and  the  moons  of  Jupiter.  Many  of  these 
observations  supported  Copernicus'  idea  of  a sun-centered  system  of 
planets.  Galileo  also  made  some  important  discoveries  about  motion  and 
discovered  the  principle  of  inertia. 
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Review  Exercises 

1.  What  observation  led  Hipparchus  to  suggest  an  eccentric  path  for  the 
sun  around  the  earth? 

(a)  The  faster  motion  of  the  sun  at  some  times  of  the  year  than  others. 

(b)  The  inclination  of  the  earth's  axis,  which  calls  for  variations  in 
distance. 

(c)  The  seasons  — the  sun  must  be  closer  at  sometimes  to  produce 
greater  heating  effects. 

(d)  The  apparent  diameter  of  the  sun  changes.  

2.  Ptolemy’s  astronomy  was  largely  based  on  two  previous  astronomers. 
Who  were  they? 

(a)  Apollonius  and  Hipparchus 

(b)  Anaximander  and  Aristarchus 

(c)  Aristarchus  and  Hipparchus 

(d)  Eratosthenes  and  Apollonius  

3.  An  instrument  which  the  Arabs  perfected  and  used  widely  was  the 

(a)  sundial. 

(b)  armillary  sphere. 

(c)  quadrant. 

(d)  astrolabe.  


4.  One  of  the  main  difficulties  Copernicus  experienced  in  using  his  new 
sun- centered  model  to  describe  and  predict  the  planet  positions  came 
because  of 

(a)  no  observations  to  work  with. 

(b)  a lack  of  time  to  study  it  carefully. 

(c)  inaccurate  observations  from  the  past. 

(d)  no  support  for  his  labors  from  other  astronomers. 


5.  Which  of  the  following  is  a major  objection  to  Copernicus’ 
sun- centered  model? 

(a)  the  planetary  loops 

(b)  the  lack  of  parallax  among  the  stars 

(c)  the  daily  apparent  rotation  of  the  sky  about  the  earth 

(d)  the  apparent  uneven  seasonal  motion  of  the  sun 


6.  Brahe’s  early  interest  in  careful  astronomical  observation  was 
partly  stimulated  by 

(a)  the  influence  of  Hipparchus. 

(b)  the  occurrence  of  a supernova. 

(c)  the  publishing  of  Copernicus’  book. 

(d)  Galileo’s  telescope. 
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7 . How  did  Brahe  increase  the  accuracy  of  his  observations  ? 

(a)  By  using  large  instruments. 

(b)  By  using  a telescope. 

(c)  By  more  careful  timekeeping. 

(d)  By  moving  further  north.  

8.  One  of  Brahe's  major  instruments  was 

(a)  the  astrolabe. 

(b)  the  quadrant. 

(c)  the  gnomon. 

(d)  the  armillary  sphere.  

9.  What  statement  best  describes  how  Kepler  discovered  the  laws  of 
planetary  motion? 

(a)  By  a stroke  of  intuition. 

(b)  By  a line  of  lengthy  but  clear  and  error  free  reasoning. 

(c)  By  long  and  tedious  calculation. 

(d)  By  extended  discussion  and  meditation.  

10.  What  did  Galileo  contribute  in  a major  way  to  the  Copernician  model 
of  the  universe  ? 

(a)  greater  precision  in  observations  of  the  planets  and  stars 

(b)  strong  evidence  from  observations  both  in  the  heavens  and 
on  earth 

(c)  popular  writing  supporting  the  Copernician  view 

(d)  application  of  mathematics  to  the  study  of  heavenly 

motions  

11.  What  did  Brahe  hope  to  gain  from  taking  on  Kepler  as  an 
assistant? 

(a)  new  ideas  on  improving  accuracy  of  observations 

(b)  a new  model  of  the  planetary  motions 

(c)  support  for  his  own  model  of  planetary  motion 

(d)  help  in  his  task  of  collecting  precise  data  

12.  What  was  it  that  may  have  left  Hipparchus  dissatisfied  with  previous 
astronomical  records? 


13.  What  reason  did  Copernicus  give  for  rejecting  the  equant  proposed  by 
Ptolemy  ? 
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14.  Why  could  Copernicus  be  called  a "quiet  revolutionary?" 


15.  Why  did  Kepler  change  his  mind  about  using  circles  to  determine 
Mars'  orbit? 


16.  Following  are  six  arguments  against  the  Copernician  system  of  sun 

and  planets: 

A.  Copernicus'  model  is  no  simpler  than  Ptolemy's  in  the 
calculations  required  to  predict  planet  positions, 

B.  In  Copernicus'  system  the  earth  goes  around  the  sun  but  the 
moon  goes  around  the  earth . Ptolemy's  is  simpler  in  that 
everything  goes  around  the  earth. 

C.  There  should  be  shifts  in  star  positions  (stellar  parallex)  if 
the  earth  goes  around  the  sun.  There  isn't  any. 

D.  Copernicus  could  show  no  information  to  support  the  revolving 
or  the  rotating  earth.  In  fact  ordinary  experience  seems  to 
tell  us  clearly  that  the  earth  does  not  move. 

E.  The  sun-centered  view  of  the  universe  was  contrary  to 
Aristotle  and  thus  also  to  some  viewpoints  of  theologians  who 
used  Aristotle  as  a basis  for  their  thinking. 

F.  Copernicus'  view  called  into  question  the  uniqueness  of  man. 
If  the  earth  is  not  the  centre  then  there  may  be  life  else- 
where . 

(a)  Which  of  the  above  arguments  are  based  on  observations? 


(b)  Which  are  based  on  philosophy  or  philosophical  preferences? 


(c)  Which  are  based  on  religious  understandings  of  man  and  the 
universe? 
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(d)  Please  look  at  argument  (B)  above.  How  did  either  Kepler’s 
or  Galileo's  work  support  Copernicus? 


17.  Halley’s  comet  has  a mean  distance  from  the  sun  of  18  AU.  It  was 
last  seen  in  1986.  The  eccentricity  of  its  orbit  is  0.97. 

(a)  What  is  the  period  (the  time  it  takes  to  go  once  around  the 

T2 

sun)?  (Use  Kepler’s  Third  Law  k = If  T is  in  years  and 

R is  in  astronomical  units  then  k = 1). 


(b)  What  is  its  greatest  distance  from  the  sun?  (Study  the  ellipse 
on  page  26  to  discover  how  you  can  find  this  — remember  that 
the  sun  is  at  one  focus  of  the  ellipse  and  that  the  mean 
distance  from  the  sun  is  given  by  ’a’.  Give  your  distance  in 
AU  — astronomical  units.) 


Solution  j 
d = a + c 


e = c/a 


so 


c = ea 


d = a + ea  = a(l  + e)  = 18  AU  (1  + 0.97)  = 35.5  AU 


(c) 


What  is  its  least  distance  from  the  sun? 


Hint:  d = a - c 


(d)  In  what  year  would  we  expect  Halley’s  comet  to  appear  again? 
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18.  It  is  interesting  to  calculate  the  speed  of  the  earth  at  the  equator. 
The  earth's  radius  is  6380  km.  This  is  the  radius  of  the  circle 
that  a point  on  the  equator  describes  in  one  day. 


(a)  How  fast  in  km/h  does  a person  standing  at  the  equator  move 
with  respect  to  the  center  of  the  earth? 


r = 6380  km 
t = 24  h 

^ _ d _ lirr  _ 2ir6380  km 

^eq  ~ t ~ t " 24  h 


1670  km/h 


(b)  Why  does  he  not  fly  off  from  the  equator  if  he  is  moving  at 
that  speed? 


(c)  Why  is  it  an  advantage  to  have  rocket  sites  near  the  equator? 


(d)  In  what  direction  should  you  launch  the  rocket? 


(e)  Using  a similar  calculation  to  (a)  above  find  the  speed  of  the 
earth  in  its  orbit  (in  km/h)  with  respect  to  the  sun.  The  mean 
radius  of  the  earth's  orbit  around  the  sun  is  1.495  x 10®  km. 
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19.  Match  the  following  men  with  the  discoveries  that  they  made.  You 
may  use  each  name  more  than  once. 

A.  Kepler  D.  Galileo 

B.  Brahe  E.  Newton 

C.  Copernicus 


first  saw  the  four  brightest  moons  of  Jupiter 

retained  an  earth-centered  universe 

combined  motion  in  the  heavens  and  motion  on  earth 
under  one  theory 

made  outstandingly  accurate  observations  of  the  heavens 
discovered  some  laws  of  falling  bodies  and  acceleration 
tried  unsuccessfully  to  detect  parallax 
discovered  laws  of  planetary  motion 
placed  the  sun  at  the  centre  of  the  universe 


20.  Each  of  the  following  represents  a model  of  planetary  motion  put 
forth  by  one  of  the  astronomers  we  have  studied  in  this  elective. 
Identify  each  model  by  writing  below  it  the  name  of  the  man  who 
is  associated  with  it. 
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21,  The  period  we  have  just  studied  was  probably  the  most  revolution- 
ary in  the  history  of  astronomy.  It  produced  a variety  of  men  with 
their  own  varied  interests  and  abilities.  This  produced  new  mathe- 
matics, new  theories,  new  instruments.  To  get  a picture  of  the  time 
span  in  which  these  events  took  place  complete  the  time  chart  on 
page  43.  Several  entries  are  done  for  you.  You  may  wish  to  use 
both  sides  of  the  line.  Include  the  following  events: 

- Supernova  observed  by  Brahe 

- Publication  of  Copernicus'  book  (On  the  Revolutions  of  the 

Heavenly  Sphere) 

- First  Astronomical  Telescope 

- Gregorian  Calendar 

- Kepler  discovers  Mars'  orbit  is  an  ellipse. 
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Birth  of  Copernicus 


Columbus'  Voyage  to  America 


Reformation  begins 


Death  of  Copernicus 
Birth  of  Tycho  Brahe 

Birth  of  Galileo 
Birth  of  Kepler 


Death  of  Brahe 


Death  of  Kepler 

Death  of  Galileo  & Birth  of  Newton 


End  of  Lesson  12A 


